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M. 0. P. “9 — SEWER DESIGN AND CONSTRUCTION 


Several years of joint effort between the Water 
Pollution Control Federation and the Sanitary Engi- 
neering Division of the American Society of Civil 
Engineers have produced a major addition to the 
“Manuals of Practice” series. “Design and Con- 
struction of Sanitary and Storm Sewers” has been 
designated M. O. P. #9. 


This illustrated, 12-chapter manual of 283 pages 
includes detailed coverage of project planning, in- 
vestigations, hydraulics, design, construction ma- 
terials and methods, specifications, structural re- 
quirements of storm and sanitary sewers, and 
pumping stations. 


Send orders to the Federation office. The man- 
ual is $7 per copy postpaid if remittance is with 


order. Federation members may purchase the man- 
ual for $3.50. 
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A development of 25 years of 
pumping experience... 


THE NEW 


Trade-Mork 


"RAGUARD” RAG GUARD 


Screw Conveyor Clog Proof Sludge Pump 


BETTER...here’s why: 


e Primary sludge pumping © Rotary, positive displacement pumping 
e Secondary sludge transfer ® “RAGUARD”—“Chicago’s” special shaft rag guard 
e Digester sludge recirculation © Low Speed operation 
e Elutriated and concentrated 


® Convenient Suction Clean-out openings 
sludge pumping 


© Durometer 60 hardness BUNA-N RUBBER STATOR 
e Digester heat exchanger pump- 
ing © Hardened, Chrome-Steel Rotor 
© Ample Reserve Motor Horsepower 
Sees: For pumping sludges 
from 75 G.P.M. to 400 G.P.M. 
. at a 120’ head 


Putting Ideas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 
Chicago Company 


622 DIVERSEY 


14, WLINOIS 
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Hamilton’s 
new Treatment Plant— 
another major step 


in Ohio River Clean-up 
Program 


Efficient and economical digester heating is 
provided by these P.F.T. heaters. 


Waste Treatment Equipment 
Exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue, 
Chicago 13, Illinois 


PORT CHESTER, SAN MATEO, CALIF. 


Aerial view shows four P.F.T. Floating Cover 
Digesters 


Hamilton’s new sewage treatment plant is 
the culmination of a ten year sewerage 
improvement program. Serving Hamilton 
directly, this fine new plant helps to re- 
store the Great Miami River just before 
discharging into the Ohio. Twenty-five 
miles from Cincinnati, Hamilton is a grow- 
ing city which is proud to shoulder its 
share of the responsibility in the Ohio 
River Valley Clean-up Program. 

P.F.T. equipment playing a vital role 
in this plant includes: four 80’ Floating 
Covers, two #1000 Heater and Heat 
Exchanger Units, Supernatant Draw-off 
Equipment, Floating Cover Position Indi- 
cators with High and Low Level Alarms, 
miscellaneous Gas Safety Equipment. 

The engineering firm of Consoer, Town- 
send and Associates, Chicago, designed 
this modern plant. 


e@ CHARLOTTE, N. C. @ JACKSONVILLE e DENVE!. 


Sia 
J j oom — 
i 


WATER POLLUTION CONTROL FEDERATION 


DIRECTORS 


Arizona; t 
{rkan 
California: H. Harvey Hunt (1961); R. D. Bare- 
MAN (1962) 
Canada: C. G. Russert ARMSTRONG (1961) 
Central States: M. S. Nicuwors (1960); E. J. Beatty 
(1962) 
Dakota: Don C. Katpa (1961) 
Federal: G. E. McCattum (1962) 
PRESIDENT Florida; D. B. Smirn (1962) 
Georgia: M. B. Nixon (1962) 
MarK D. Ho.uis, Chief Engineer Germany: HusMann (1962) 
Indiana: W. W. Matuews (1961) 
U. S. Public Health Service Inst. Sew. Pur. (Eng.): W. F. A. Snoox (1962) 
Washington 25, D. C. Inst of Pub. Hith Eng. (Eng.): (Election Pending) 
Iowa: H. S. Smitu (1962) 
Israel: Hitter SHuvar (1960) 
Kansas: Cart F. Hopckinson (1960) 
VICE-PRESIDENT Kentucky-Tennessee: M. A. (1961) 
Ray E. LAWRENCE Louisiana: H. J. Sctoneaux (1961) 
Maryland-Delaware: H. A. SCHREIBER (1960) 
Black & Veatch Michigan: Grorce E. Huppert (1961) 
Ks Mississippi: G. M. Lester (1960) 
P. O. Box 8405 Mu . 
issourt: S. C. SmitH (1960) 
Kansas City 14, Missouri Montana: (Election Pending) 
Nebraska: T. A. (1961) 
New England: T. R. Camp (1960) 
TREASURER New Jersey S. SHaw (1960) 
New York: C. E. Irvine (1960); G. A. Freet (1962) 
A. H. NILEs, Commissioner New Zealand: P. R. Parr (1962) 
North Carolina: Ler $. Dukes, Jr. (1961) 
Ohio: H. S. (1960) 
Bay View Park Oklahoma: L. L. Settie (1962) 


Pacific Northwest: R. T. SmitH (1962) 
Toledo 11, Ohio 


Sewage Disposal, 


Pennsylvania: T. R. Hasectine (1960); H. W 
ELHANEY (1961) 
Puerto Rico: G. Fraques-Garces (1962) 
EXECUTIVE SECRETARY-EDITOR Rocky Mountain: J. H. Macutre (1960) 
South Carolina: J. D. Lessite (1961) 
RALPH E. FUHRMAN Sweden: V. JaNSA (1962) 
Iw Switzerland: ARNOLD Horer (1960) 
Washington 16, D. C. Utah: L. M. THATCHER (1960) 
Virginia: E. H. (1962) 
West Virginia: P. T. Arpuckie (1962) 
ADVISORY EDITOR Large: Jack McKee (1960) 
At Large: Cratr N. Sawyer (1961) 
F. W. MoHLMAN Large: A. J. SterFen (1962) 
17025 Bollinge r Dr. ’ and S. Wks. Mirs.: G. E. Haver (1960) 
and S. Wks. Mfrs.: Harry E. Scuienz (1961) 


Pacific Palisades, California ’ and S. Wks. Mfrs.: W. A. Darsy (1962) 


JOURNAL of the WATER POLLUTION 
CONTROL FEDERATION® 


A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, collec- 
tion, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and management 
of such works. The Journal kr as Sewage Works Journal until January 1950. It was known as Sewage 
and Industrial Wastes until Jan 1 

EDITORIAL AND EXECUTIVE OFFICES: 4435 


Wisconsin Ave., N.W., Washington 16, D. C. Send all 
manuscripts, advertising copy, subscriptions 


address changes, etc., to this addres 
PUBLICATION OFFICE: Prince and mon Sts 
SUBSCRIPTION RATES: mber f 
members, U. S. and Canada 1 
International Money ) 
CLAIMS: No claims will | llowed fo pies of Journals lost in the mails unless such claims are received within 
sixty (60) days of the date claims will be allowed for issues lost as a result of insufficient notice of 
change of addre Missing from files nnot be accepted as the reason fe noring a claim 

REFERENCE SERVICE: the Water Pollution Control Federation is indexed regularly by /ndustrial 


Arts Index and Engineering Ind ofilm copies of this Journal may be procured from University Microfilms, 
Ann Arbor, Mich his service is limited to regular subscribers only 


Lancaster, Pa 


local associations affiliated with the Federation, $8.00 per year. Non- 
other countries, $11.50. (Foreign subscriptions must be accompanied by 
ie United States, $1.25 each zn, $1.50 each 


Library of Congress Catalog Card Number: 42-19992 


Copyright © 1960, by the Water Pollution Control Federation. Reprints from this publication may be made only 
if permission of the Editor is secured and on condition that the full title of the article, name of the author and 


complete reference : giver The Federation assumes no responsibility for opinions or statements of facts expressed 
in papers or discussions published in this Journal 


oN CONTeS 
ty Ex-Officio: D. Hatrierp 

f il {laham T. Jarre 196 

| 
Kx 
4 
| 
{c- 
i 


JOURNAL WPCF 53a 


Main floor, blower building. Equipment painted with high-gloss Glamortex Enamel for long-lasting 
protection, beauty and easy cleaning is admired by Supervisor A. B. Dueitt, Jr. 


Newest pride of Mobile, Alabama, is the 
recently completed McDuffie Island Sew- 
age Treatment Plant. 

In designing it, the choice of paints 
was of primary importance due to ab- 
normal operating conditions. (Some por- 
tions of the plant, which is located near 
Mobile Bay, are below mean sea level and 
subject to excessive dampness and heavy 
condensation.) After careful study, Ewin 
Engineering Corporation, consulting and 
design engineers, specified Inertol protec- 
tive-decorative coatings for the job. 

In addition to the use of mar-resistant 
Glamortex® Enamel (see caption), 
Ramuc® Utility Enamel was used on walls 
and ceilings, Rustarmor® on digester cov- 
ers, and many other Inertol coatings were 
used throughout the plant to protect it 


Inertol PAINTS PROTECT & BEAUTIFY 


and bring out its best features. 

Year after year, consulting engineers, 
municipal authorities and maintenance 
men specify Inertol specialized protective- 
decorative coatings. A paint best suited to 
your problem can be selected from Inertol 
Company's complete line. 

Buy Inertol paints direct from the man- 
ufacturer. Shipment within three days 
from our plant or from warehouse stocks 
in your area. Write for free, valuable 
Maintenance Painting Guide SI 586. 

A complete line of quality coatings for 
sewage, industrial wastes and water plants 
and swimming pools. 


<@> |NERTOL CO., INC. 


. 482 Frelinghuysen Avenue, Newark 12, NJ 
27 South Park, San Francisco 7, California 
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Alabama Water and Sewage Assn.* 
E. J ge Jr., Act.-Sec., Univ. of Alabama, 
University, Al: 


Arizona Sewage and Water Works Assn.* 
A. D. Cox, Sec.-Treas., 2612 N. 16th St., Phoenix, 


Ariz 

Arkansas Water and Sewage 
Dr. C. W. Oxrorp, Sec.-Treas., College of Engi- 
neering, University of Arkansas, A en teville, Ark 


California Sewage and Industrial Wastes Asan. 
Atrrep I). Lerpzic, Sec.-Treas., 12000 Vista Del 
Mar, Venice, Calif 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas., Administrative Of- 
fice, 72 Grenville St., Toronto, Ont., Canada 


Central States Sewage and Industrial Wastes 
Assn. 
Scott E. Linstey, Sec.-Treas., 2400 Childs Rd., 
St. Paul 6, Minn 


Dakota Water and Sewage Works Conf. 


North Dakota Section* 
W. Van Hevuve cen, Sec.-Treas., c/o State Dept. of 
Health, Bismarck, N. Dak. 


South Dakota Section* 
Don C. Katpa, Sec.-Treas., c/o Div. of San. 
Engr., State Board of Health, Pierre, S. Dak. 


Federal Sewage Research Assn 
Se Treas Public Health Service, 
Rm. 4123, South HEW Bldg., Washington 25, 
je 


Florida Sewage and Industrial Wastes Asean. 
ARTHUR R. Finney, Jr., Sec.-Treas., 4801 S. W 
117th Ave., Miami 55, Fla 


Georgia Water and Sewage Assn.* 
Ropert S. INGors, Sec.-Treas., Prof. of Applied 
Siology. Georgia Institute of Tech., Atlanta, Ga 
(Germany) Abwassertechnische Vereinigung 
Otto PAaLLascH Treas., Bertha-von-Suttner- 
Platz 8, Bonu, Germany 
Indiana Sewage and Industrial Wastes Assn. 
Victor G. Wacner, Sec.-Treas., St. Dept. of 
Hith., 1330 W. Michigan St., Indian apolis 7, Ind. 
Institute of Sewage Purification 
W. F. A. Snook, Sec., 10, Cromwell Place, South 
Kensington, London, S. W. 7, England 
Institution of Public Health Engineers 
RNEST V. Batsom, Sec., 179 Vauxhall Bridge 
Road, London, S. W. 1, England 
lowa Sewage and Industrial w astes Assn. 
L Skorczeski, Sec., 207 South 15th Ave., 
Marshalltown, Iowa 
Israel Assn. of Sewage Engineers 
eres BaLasHa, Sec., c/o Technion, Israel Inst. 
f Tech., P. O. Box 4910, Haifa, Israel 
ses Sewage and Industrial Wastes Asan. 
Howarp F. Saicer, Sec.-Treas., 1900 East Ninth, 
Wichita, Kans 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S —.* Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 
ean Conference on Water Supply and 
Sewerage * 
Greorck H. West, Sec.-Treas., P. O. Box 895, 
Water Dept., Lake Charles, La 
Maryland-Delaware Water and Sewage Asen.* 
W Binciey, Sec.-Treas., « State Dept. of 


Health, 301 W. Preston St., Baltimore 1, Md 


Michigan Sewage and Industrial Wastes Assn, 
D. M. Pterce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 331, Admin. Bldg, Lansing 4, Mich. 


Mississippi Sewage and Industrial Wastes 
Assn. 

Nem. G. McMaunon, Sec.-Treas 

Board of Health, Jackson, Miss 


, Mississippi State 


* Sewage and Industrial Wastes Section. 
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WPCF MEMBER ASSOCIATIONS 


Missouri Sewage and Industrial Wastes Assn. 
Jack K. Situ, Sec.-Treas., Water Pollution 
Control Bd., Old P.O. Bldg., Jefferson City, Mo 


Montana Sewage and Industrial Wastes Assn. 
A. W. CrarKkson, Sec.-Treas., Div. of Environ 
Sanit., State Board of Health, Helena, Mont 


Nebraska Sewage and Industrial Wastes Assn. 
E. Bruce Meter, Sec.-Treas., Kirkham, Michael 
& Assoc., 508 S. 19th St., Omaha 2, Nebr. 


New England Sewage and Industrial Wastes 
Assn. 
Eart R. Howarp, Sec.-Treas., Bureau of Public 
Works, 115 Broad St., Hartford, Conn. 


New Jersey Sewage and Industrial Wastes 
Assn. 
ANTHONY T. LeAney, Sec.-Treas., P. O. Box 32, 
West Trenton, N 


New York Sewage and Industrial Wastes Assn. 
RatpH C. Sweeney, Sec., c/o State Dept. of 
Health, 55 Church St., White Plains, N. Y. 


New Zealand Sewage and Industrial Wastes 
Assn. 
K. R. Davis, Hon. Sec.-Treas., Auckland Metrop. 
Drain. Bd., P. O. Box 208, Auckland C. 1, New 
Zealand 


North Carolina Sewage and Industrial Waste 
Assn. 
D. Y. Brannock, Sec.-Treas., Utilities Director, 
1703 Woodland Ave., Burlington, N. C. 


Ohio Sewage and Industrial Wastes Treatment 
Conf. 

E. B. Ransom, Sec.-Treas., Div. of San. Engr., 

Dept. of Hith., 101 N. High St., Columbus 15, O. 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. M. Crane, Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla. 


Pacific Northwest Water Pollution Control 
Assn. 
Gitpert H. Dunstan, Sec.-Treas., 
Pullman, Wash 


Pennsylvania Sewage and Industrial Wastes 
san. 
J. R. Harvey, Sec.-Treas., c/o Pennsylvania Dept. 
of Health, 996 So. Main St., Meadville, Pa. 


P. O. Box 176, 


Puerto Rico Water and Sewage Works Assn. 
Ropert J. Aun, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R. 


Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Verne E. Pratn, Sec.-Treas., P. O. Box 149, 
Englewood, Colo. 


South Carolina Water and Sewage Works 
Assn.* 
Rosert N. Bowen, Sec.-Treas., 417 Wade Hamp- 
ton Bldg., Columbia, S. C. 


(Sweden) Fireningen fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 

Prerre Sec., 
Switzerland 


Hegemmatt 28, Zurich, 


Texas Water and ae Works Assn.* 
G. R. Herzik, Jr., Sec.-Treas., Div. of San. Engr., 
State Dept. of Health, Austin, Tex 


Utah Sewage and Industrial Wastes Assn. 
Howarp Hurst, Sec.-Treas., 479 Harvard Ave., 
Salt Lake City 11, Utah 


Virginia Industrial Wastes and Sewage Works 
Assn. 
Orvat J. Hanp, Sec.-Treas., Hercules Powder Co., 
Hopewell, Va 


West Virginia Water Pollution Control Assn. 
Guten O. Fortney, Sec — State Dept. of 
Health, Charleston 5, W. 
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FLUIDICS%* at work 


New Simplex telemeter reads 
and controls 2 to 29 channels 


The new Orthoplex telemetering system uses 
a biplex generator and biplex selector to 
achieve dual signal telemetering using a sin- 
gle pair of telephone lines. 

In the basic system the generator produces 

both a de and a 60-cycle ac signal which is 
unscrambled at the receiving end by the 
selector. These 2 signals are fed into a multi- 
plexing unit which provides the extra chan- 
nels. 
Uses ac and dc signals—Combining ac and 
de currents produces a circuit less affected 
by line capacitance and able to give a longer 
distance transmission with available capaci- 
tance. 

The new system requires much less main- 

tenance than previous designs. It uses no 
vacuum tubes, eliminates all motorized timers 
and motorized sequence switches; and the 
modular units are equipped with “quick- 
disconnect” connectors, = relays, and 
rectifiers of advanced design. 
Modular design—The modular design allows 
building up as many as 29 separate channels 
for supervisory indicators, alarms, telemeter 
receivers, pump controls, valve positioners, 
etc. 

For complete specifications and design 
theory, write for Dulletin to our Simplex 
Division, Dept. SI-10, Lancaster, Pa. 


BIPLEX Selector 
separates signals so 
they operate relays 
sensitive only to 
their assigned signal. 


BIPLEX Generator is designed to give 
two signals, positive de and 60-cycle ac. 


SIMPLEX Orthoplex Super- 
visory Control provides you 
with a system for remote con- 
trol of valves and pumps from 
*FLUIDICS is a new Pfaudler @ central station. 

Permutit program which provides 
a modern, imaginative approach 
for handling and processing liq- 


uids and gases more profitably. & j im PLEX 


VALVE AND METER COMPANY 


a division of PFAUDLER PERMUTIT INC. 


Lancaster, Pennsylvania 
Specialists in FLUIDICS... 
the science of fluid processes 
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MEMBER ASSOCIATION MEETINGS 


Association 


Texas Water and Sewage Works Assn. 


Mississippi Sewage and Industrial Wastes 
Assn. 


Arkansas Water and Sewage Conf. 
Louisiana Conference on Water Supply and 
Sewerage 


West Virginia Water Pollution Control Assn. 


New Jersey Sewage and Industrial Wastes 


Assn. 


Kansas Sewage and Industrial Wastes Assn. 


California Sewage and Industrial Wastes 
Assn. 


Arizona Sewage and Water Works Assn. 
Montana Sewage and Industrial Wastes Assn. 
Michigan Sewage and Industrial Wastes 


Assn. 


Foreningen fér Vattenhygien (Sweden) 


Place 


Memorial Student 
Center 

Texas A & M 

College Station, Tex. 


Robert E. Lee Hotel 
Jackson, Miss. 


Marion Hotel 
Little Rock, Ark. 


La. State Univ. 


Baton Rouge, La. 


Hotel 
Huntington, W. Va. 


Traymore Hotel 
Atlantie City, N. J. 


Broadview Hotel 


Emporia, Kans. 


Hotel Claremont 
serkeley, Calif, 


Pioneer Hotel 


Tueson, Ariz. 


Northern Hotel 
Billings, Mont. 


Park Place Hotel 
Traverse City, Mich. 


Institutet fér 
Arbetshygien 
Helsinki, Finland 


Time 


Feb. 


Mar. 


Mar. 


Mar. 


Mar. 


Mar. 


Apr. 22 


Apr. 


Apr. 


Apr. 


May 


May 


28 


30 


28 


28 


Mar. 4 


3-16 


30 


9 
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Water Pollution Control Federation 
Host—Pennsylvania Sewage and Industrial Wastes Association 
Philadelphia, Pennsylvania 


THIRTY-THIRD ANNUAL MEETING 


Technical Meetings and Exhibits—Convention Hall 
October 2-6, 1960 
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A PACKAGED PUMP STATION — 
THAT MEETS em 
YOUR REQUIREMENTS 


se ADVANCED DESIGN FOR GREATER EFFICIENCY 
Compare motor and pump assembly of this duplex sewage pump station with any 
other and see the TEX-VIT superiority. Individual shaft for each pump and each 
motor. Four bearings per assembly instead of the customary two. Heavy steel shell, 
completely protected from corrosion. 


DIRECT PRESSURE CONTROLS FOR EXTRA RELIABILITY 
Exclusive TEX-VIT controls are actuated by pressure variations within the wet well. 
No compressor to maintain; no floats or other moving parts in the wet well. 


IMPROVED AIR CIRCULATION AND CONDITIONING 

Extra large blower provides complete change of air every 60 seconds. Air inlet and 
outlet are at opposite sides of station to prevent short circuiting of air. Refrigeration- 
type dehumidifier. 

SUPERIOR COMPONENTS FOR EXTRA DEPENDABILITY 

Pumps, motors, controls, and other components bear the brand names you would 
expect to find in a Who’s Who of American Industry. You know you are getting 
the best when you specify TEX-VIT. 

INSTALLATION TESTED AND PROVED ; 

TEX-VIT packaged pump stations are setting new standards. Names of muncipal and 
industrial users furnished on request. 

Let TEX-VIT help you with your sewage lift problems. TEX-VIT also makes 
pneumatic ejectors and packaged ejector stations. 


TEX-VitT 


SUPPLY COMPANY 


MANUFACTURING DIVISION 
Dept. 52, Box 117, Mineral Wells, Texas 


Write for bulletin No. PS-60 
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Modern, compact plant treats waste ... approximately 
40% alkaline-cyanide and 60% acid-chromium. Pro- 


vision made for any future waste changes. 


B-I-F Builders Fluid Level Transmitter facilitates 
operation of up-flow, solids-contact sludge recircu- 
lation type clarifier (Graver Reactivator®) which 
settles and concentrates precipitated metals as 
final treatment... transmits vital data to central 
panel. 


Three B-I-F Omega Rotolock lime feeders, com- 
plete with bucket elevators, dust collectors and 
supply hoppers, provide lime slurry for elevated 
weir tanks. Combined with dissolving chamber 

provide automatic pH corrections prior to 
cyanide-oxidation, prior to entering clarifier and 
for manually controlling lime application directly 
to clarifier for final pH adjustment. 


4 Concentrated sulphuric acid is accurately 
fed to rapid mixing chamber by two B-I-F 
Proportioneers pumps. 


Two Builders Chlorinizers, rated at 2000 > 
pounds per day, provide safe, positive 
chlorine application for cyanide-oxidation 
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METERS 
Vv ATERIAL TION FEEDERS 
POSITIVE CONTROL OF MATE S$ IN MOTIO Giese 


NOW! FLEXIBLE, 

CONTINUOUS “FLOW-THROUGH” 
PLANT FOR INDUSTRIAL 
WASTE TREATMENT 


Integrated B-I-F Equipment at Avco Plant Cuts Manpower Needs 
Meets Changing Requirements 
¢ automatic control from single operating center 
* flexibility to treat wide range of different wastes in a 

multitude of combinations 
¢ simplicity of operation 
A careful evaluation of the treatment problem and a thorough 
study of various treatment means and equipment was made by 
Albright and Friel, Inc. The ability of B-I-F feeders and controls to 
be completely integrated with other key equipment in a 
fully automatic, flexible operation was a determining factor in 
their selection for this modern, efficient plant. 


industries 


BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 


METERS + FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Investigate the complete B-I-F line of waste treatment equipment. 
Contact B-I-F Industries, Inc., 368 Harris Ave., Providence 1, R. I. 


Elevated proportioning weir pH control system automatically Three Omega Universal feeders, accu- 
tanks, automatically or manu- maintains optimum pH for chemical rately feed 16 to 65 pounds per hour 
ally controlled, feed lime treatment. Continuous representative of dry chemical, permit manual setting 
slurry directly to points of sample pumped through “‘flow- of feed rate over extra wide range for 
application. through” pH electrode assembly pro- treating varying strength wastes. 


duces pneumatic signal controlling 
chemical feed. 
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“Not a ‘comeback’ in 18 years” 


... with Transite Sewer Pipe 
says Anthony Garcia, President 


In my eighteen years of installing 
Transite sewer mains and house later- 
als, I have never had a ‘comeback’ be- 
cause of line failures. Most of the 
installations have been 100° under 
water. Therefore, tight joints that stay 
tight are absolutely essential! For these 
reasons Transite has always been my 
choice for sewer line service. I never 
worry about passing leakage or infiltra- 


Allerton Construction Co., New York 


tion tests. I playitsafe—with Transite.” 

You'll want to read how Johns- 
Manville Transite® Pipe has helped 
other contractors increase their profits 
and productivity . . . in the informative 
and interesting new, 8-page booklet, 
TR-206A. Send for it now! Address 
Johns-Manville, Box 14, New York 16, 
New York. In Canada, Port Credit, 
Ontario. 


MANVILLE 


JoHNs-Manvitte 


PRODUCTS 
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EIMCO-PROCESS RADIAL WEIR ROTARY DISTRIBUTOR 
HANDLES WIDE RANGE OF FLOW RATIOS AT LOW HEAD 


Two common problems in high rate biological 
filtration are widely varying flow rates and low avail- 
able hydraulic head. Both are solved by this exclu- 
sive Eimco-Process design that provides external 
radial flow division sections and compartmented 
arms to efficiently handle both high and low flows 
at a relatively constant low head. The design is 
suitable for either two or four arm construction 
with all arms discharging at all times. 


THE EIMCO CORPORATION 


This is only one of the superior Eimco-Process 
Rotary Distributor types available for all bed sizes 
and for influent column diameters ranging from 
8 to 60 inches. Mechanisms for both standard and 
high rate filtration are included, with or without 
internal flow control provisions, with pipe or rec- 
tangular steel plate arms, and with a choice of 
seals. For recommendations on your application, 
please contact any of our nationwide sales offices. 


Process Engineers, Inc. Division 
420 Peninsular Avenue. San Mateo, California 


another outstanding installation 


Radial weir center assembly on a 102 ft. dia, 


high rate Rotary Distributor installed at 
the Arlington, Texas, Sewage Treatment 
Plant. Consulting 

Engineers—Reaves and 

Gregory, Fort Worth, 

Texas. All types of 

Eimco-Process Rotary 

Distributors are 

described in our new 

bulletin SM-1011...4 

copy is yours on request 
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Twenty-foot lengths of Armco SmooTH-FLO Pipe helped maintain uni- 
form grade 


How Garden City, Kansas, 
installed a sewer “ie 
in SOUpy soil Water in the wench didn’t stop 


installation of Armco Pipe. 


Garden City, Kansas, recently installed a 1-mile interceptor sewer to feed their 
new treatment plant. Part of this line passed through extremely wet soil. 

The contractor installed some 5,800 feet of Armco SMooTH-FLO® Sewer 
Pipe in 20-foot lengths, with positive beam strength to maintain a continuous 
uniform grade in this unstable soil. SmooTH-FLOo’s dense interior lining pro- 


vided the necessary high flow capacity. An alternate material specification, for 
short-section pipe with nonpositive joints, called for expensive rigid bedding 
to maintain grade. The strong, lightweight Armco Pipe went in quickly and 
economically — with no special bedding required. 

Get complete details on Armco Corrugated Metal Pipe. Write for catalog, 
“Armco Sewer Structures.” Armco Drainage & Metal Products, Inc., 4350 
Curtis Street, Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND Divisions: Armco Division * Sheffield Division 
The National Supply Company * The Armco International Corporation 
Union Wire Rope Corporation 
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el =6SEWERODER 


CoiLRODER 


MONORODER 


ible” veveems, | POWER DRIVE 


Manufactures and Sells— 
... the equipment with the most 4 ~ 
exclusive features for cleaning 


your sewers faster, safer and 
more economically. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
415 S. ZANGS BLVD., DALLAS, TEXAS 
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a cinch to 


Tyton Joint® pipe is almost as easy to instal] as our 
hillbilly friend indicates. Only one accessory needed 
...a specially designed rubber gasket that fits 

into the bell of the receiving pipe. A push or two 

and the connecting pipe compresses the 

gasket . . . seals the joint bottle-tight and permanently. 


No bell holes. No waiting for weather. Tyton Joint pipe 
can be laid in rain or wet trench. It's so simple, in 


fact, even an inexperienced crew quickly becomes expert. 


| “WAKE UP, PAW... ALL WE NEED FROM YOU IS 


A LITTLE PUSH WITH YORE FEET!” 


FOR WATER, SEWERAGE AND 


x | 
by popular aemand! 
And three years’ 
aadition@! experienc? 
prove® that Tytor goint 
pipe more war wed 
up te everything 
said avout in 4957- 
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install! 


You'll be hearing more about this ingenious new 
Tyton Joint. Why not get the facts firsthand . . . and now? 


Write or call. We'll be glad to give them to you. 


U.S. PIPE AND FOUNDRY COMPANY 
General Office: Birmingham 2, Alabama 


A WHOLLY INTEGRATED PRODUCER FROM MINES insert gasket with groove over bead in gasket seat 
AND BLAST FURNACES TO FINISHED PIPE | 


insert plain end of pipe until it contacts gasket 


| 


Force plain end te bottom of socket .. . the job's done! 


® 
INDUSTRIAL SERVice 
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- ONLY FOUR SIMPLE ACTIONS 
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| 
Wipe a film of special lubricant ever inside ef gasket 
— 


Plant Superintendent: Harold W. Augenstein 
Consulting Engineers: Consoer, Townsend & Associates, Chicago 


HAMILTON, OHIO, PLANT 


The Hamilton, Ohio, new split activated sludge 
sewage treatment plant is a tribute to sound plan- 
ning that considered not only today’s but tomorrow’s 
requirements. In anticipation of a substantial popu- 
lation and industrial expansion, the planning team 
Jesigned a plant that would provide maximum 
efficiency with adequate reserve capacity for future 
growth of the community. 

The new plant has a designed average flow of 12 
.g-d., with a maximum designed flow of 18 m.g.d. 
andling both municipal and industrial wastes. In 
he design of the Hamilton plant, maximum utiliza- 
ion of available area was accomplished through a 
-ompact arrangement of the treatment units by using 
common wall construction throughout. 

The grit chambers, equipped with Rex Chain and 
3ucket Grit Collectors, and the rectangular primary 
anks, with Rex Conveyor Sludge Collectors and 
oto-Skim Pipes, are neatly grouped with the rec- 
angular aeration tanks and the three square final 
anks. Future expansion of these units with a mini- 
num of cost is guaranteed. 


Planned For Peak Performance 


Primary tanks with Rex Conveyor Sludge Collectors 
and Roto-Skim Pipes. 


Final tanks with Rex Unitube Tow-Bro Sludge Removers. 


In the final tanks, Rex Unitube Tow-Bro Sludge 
Removers assure maximum flexibility in operation 
-.. both today and for years to come. With more 
positive and general removal of sludge, the Tow- 
Bro provides ample facilities for efficient operation 
under varied conditions. 

Rex Waste Treatment Engineers are available to 
help design and select equipment for modern plant 
performance as at the Hamilton, Ohio, plant. For 
complete information, write CHAIN Belt Company, 
4606 W. Greenfield Ave., Milwaukee 1, Wisconsin. 


CHAIN BELT COMPANY 


Specialized Equipment for the Effective Treatment 
of Water, Municipal and Industrial Wastes. 


x 


Homestead 100% Port opening Lubricated Valves 
controlling supernatant, sludge and gas in Cedar 
Rapids Sewage Plant. 


Cedar Rapids Sewage Piant prefers 
Homestead 100% Port Opening Valves 


In the transport of sludge and grease from settling 
basins, full pipe area lines are essential to long 
pump life. That’s why Howard R. Green Company, 
Engineers, specified 95-4”, 15-6”, and 9-8” Home- 
stead Lubricated Plug Valves in this Iowa sewage 
treatment plant. Homestead’s 100% pipe area 
design guarantees full flow—no restrictions to put 
a strain on pumps and motors. 

Add positive lubrication and sealing, Homestead’s 
leakproof no-stick design, plus minimum mainte- 
nance, and you’ll know why Superintendent William 
J. Meaney says, “‘I’m fully satisfied with Homestead 
Valves on our lines.” 


Mail coupon today for Reference Books 39-1 $i mums 


Pag 


and 1A—a complete library of Homestead [#5 
Lubricated Plug Valves and their uses. . 


Please send me complete data on Home- 
stead Lubricated Plug Valves and their suggested uses. 


Title. 


Name. 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P. O. Box 48, Coraopolis, Pennsylvania 


Address 


| 
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FOOLED BY 
INITIAL PIPE 
COSTS... 


Certain factors concerning 
the type of pipe to be used for 
a proposed water or gas proj- 
ect must be examined care- 
fully: 


First—how much does the 
pipe cost, compared to other 
types? 


Second — how often will it 
require repair? 


Third — how long before it 
has to be replaced? 


Sometimes the first cost of 
jobs where cast iron pipe is 
specified, is higher than simi- 
lar projects using cheaper 
pipe. Yet, in the long run, 
cast iron pipe costs less! 
Here’s why: 


® Cast iron pipe rarely re- 
quires repairs. Its rugged 
construction, corrosion-resis- 
tant qualities and bottle-tight 
rubber-ring joints will with- 
stand the most severe pres- 
sures. 


@ Cast iron pipe is built to 
last—98 American cities will 
testify to that. They’ve had 
cast iron pipe installations in 
constant use for over a cen- 
tury! Once cast iron pipe is in 
the ground, it stays there! 


Don’t be fooled by ‘“‘low- 
cost’’ pipe. Insist on the pipe 
that will actually save you 
money over a period of years. 


In Nebraska—Here a section of 
cast iron pipe is being relocated. 
Twenty-five years old, the pipe is 
still in excellent condition—has 
never required major repair... or 
replacement. 


Rely on CAST IRON PIPE 
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In Indiana (above)—‘‘All-weather’’ In Kansas (above)—36" cast iron water 
cast iron pipe is quickly installed despite main, Another part of this main was floated 
wet trench conditions. Slip-on joints out of its trench by a heavy downpour. 
were easily assembled, with one work- Later-a 150 psitwater test revealed no leaks 
man using a crowbar. in the slip-on joints! 


In Pennsylvania (below)—This 16” cast iron pipe is being installed as fast as the 
trench hoe can prepare the trench. Handy lengths and slip-on joints make cast 
iron pipe easy to handle, even in crowded neighborhood sectors; require less labor. 


CAST IRON PIPE 


*| THE MARK OF THE 100-YEAR PIPE 
Cast Iron Pipe Research Association, Thos. F. Wolfe 
Managing Director, 3440 Prudential Piaza, Chicago 1, III. 
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lOWA CHECK VALVES— IOWA MEDIUM AND LOW 
Swing gate type for use in either PRESSURE VALVES—cither 
horizontal or vertical pipe lines. non-rising stem or outside screw 
Bronze trimmed throughout. Stain- and yoke types. Designed as care- 
less steel hinge pins. Leather or fully as those conforming to 
rubber faced gates, or solid bronze, A.W.W.A. specifications but with 
as desired—aluminum gates avail- lighter construction for lower 
able for air service. pressures. 


White Tooay fou Nitinatane, 


1OWA FLAP VALVES—ali 

iron; can be furnished with bronze CLOW HYDROSTATIC RE- 
{ hinge bolts or fully bronze mounted LIEF VALVES — commonly 

IOWA PLUG DRAIN VALVES— — including bronze bolts, flap ring used in bottom of concrete tanks 


strength cast iron bodies; bronze 
stem, operating nut, dise ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


A OWA, vaive company 


For 50 years a reliable source for 


precision engineered products 


/ 


either rising or non-rising stem type. High and seat ring—when required. to prevent ground water from float- 


ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


IOWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


Oskaloosa, lowa 


A Subsidiary of 
James B. Clow & Sons 
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Exclusive FLUID-TITE Coupling joins lengths of varying crushing strengths 
and sizes. Assemble in any weather—without heavy machinery. 


“K&M ASBESTOS-CEMENT SEWER PIPE 


infiltration-proof at 25 psi pressure! 


Exclusive, patented “K&M” FLUID- 
TITE Coupling maintains a perma- 
nently infiltration-proof seal under 
severest field conditions. 

This is true even when ‘K&M” Asbestos- 
Cement “FLUID-TITE” Sewer Pipe is 
under deflection, or is buried at various 
depths under heavy backfill. Tests 
prove this infiltration-proof pipe can 
withstand 25 psi external water pressure. 
There’s minimum maintenance with 
“K&M” Asbestos-Cement FLUID-TITE 
Sewer Pipe. It reduces treatment loads 
and costs. Requires fewer periodic in- 
spections and cleanings. 


Eliminate the problem of infiltration 
with tested and proven “K&M” Asbes- 
tos-Cement FLUID-TITE Sewer Pipe. 
Write to us today. 


i<- ivi 


BEST IN ASBESTOS 


KEASBEY & MATTISON 


Company ¢« Ambler * Pennsylvania 
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FLU i DICS* AT WORK 


SPACE SAVER. Permutit Horizontal Precipitotors take only 25% as much space as would be needed 


by conventional basins at the Town of Tonawanda Water Treatment Plant, 


Tonawanda, N. Y. 


How to get the capacity you need 
in the space you can afford 


When the booming town of Tonawanda, 
N.Y., decided to build its own water 
treatment plant, space was a major 
consideration. 

The solution as proposed by Nuss- 
baumer, Clarke and Velzey, Consulting 
Engineers, was to install four Permutit 
Horizontal Precipitators. 

Each unit measures 31’ 6” x 95’ x 
16’ 3” and is designed to handle four 
million gallons per day with a two mil- 
lion gallon overload. Proved in operation 
for more than two years, this system 
efficiently treats 24 million gallons per 
day. 

And this huge load is handled using 
only one-fourth the space that would 
have been required if conventional 
basins had been used. 


Space is just one saving you can 
make with Permutit Precipitators. You'll 
also find that treatment efficiency is 
increased, and that often there’s a re- 
duction in chemicals and coagulants 
required 

If you'd like more information about 
the efficiencies possible through the use 
of Permutit Precipitators, write for Bul- 
letin No. 2204C. 

Or, for a brief introduction to the full 
line of Pfaudler Permutit equipment for 
water and waste treatment, ask for the 
bulletin entitled “An Outline of Modern 
Water Treating Equipment.” Address 
your inquiries to our Permutit Division, 
Dept. SI-20, 50 West 44th Street, 
New York 36, New York. 


a PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS.. 


.the science of fluid processes 


| 

|| 

| 
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... NOt way down in the pit at 


FAST-ACTION END PLATE—Exclusive end plate releases for access to impeller and 
wear plate. Two-vane open impeller specifically designed for handling spherical solids. 


GORMAN-RUPP SEWAGE PUMPS 


COST LESS TO BUY —Self-priming in lifts up to 15’, positive in action, nearly completely 
non-clogging. High and dry, their installed cost has allowed savings of as much as 50%. 


COST LESS TO MAINTAIN—Almost no maintenance needed! No need to service by 
entering pit or raising pump. Just a turn of the 
wrist and the end plate is off. 


PERFORM WHERE OTHERS FAIL — In lift 
stations and sewage plants, these Gorman-Rupp 
units have shown amazing records of savings 
... operating where others have failed. Let us show 
you examples. 

2”, 3”, 4” and 6” pumps—connected to your 
power or ordered complete with power units. 
Write for complete specifications. 


THE GORMAN-RUPP COMPANY 


305 Bowman Street + Mansfield, Ohio 
GORMAN-RUPP OF CANADA, LTD. «+ ST. THOMAS, ONTARIO 


4 
HIGH AND DRY! 
ME 
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New answers to the problems of 


PLANT SEWAGE 
TREATMENT 


/ 
i Just published! 
A brand-new 
bulletin on revolutionary 


\ in low-cost plants 
\ for communities 


| 

| 

| 

| 

new developments | 

\ up to 10,000 
| 


Sewage treatment plants, with all essential operations performed 
mechanically and continuously in single, low-cost combination units, now 
bring the advantages of modern sewage handling methods within reach 
of even the smallest community. 

With only one tank and one drive unit to operate, these new plants 
overcome the problem of high costs which often make conventional treat- 
ment facilities beyond the means of smali users. Latest improvements 
include mechanical grit removal combined with sludge digestion and 
clarification. 

If you're interested in small plant sewage treatment for communities 
up to 10,000 or even for individual industrial plants, schools, motels or 
housing developments, you’ll want the new bulletin shown above — just 
off the press! Write for Bulletin No. 6692 to Dorr-Oliver Incorporated, 
Stamford, Connecticut. 


DORR-OLIVER. 


WORLD-WIDE RESEARCH * ENGINEERING * EQUIPMENT 
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Sewage Works 


TECHNOLOGY AND ECONOMICS OF HOUSEHOLD 
SEWAGE DISPOSAL SYSTEMS 


By A. THomas, Jr., JAMEes B. Coutter, Toomas W. Benprixen, 
AND ALLAN B. Epwarps 


Respectively, Professor of Civil and Sanitary Engineering, Harvard University, 
Cambridge, Mass.; Senior Sanitary Engineer, Soil Scientist and Senior 
Assistant Sanitary Engineer, Suburban Sanitation Studies, Robert 
A. Taft Sanitary Engineering Center, Cincinnati, Ohio 


This paper was a report to the Committee on Sanitary Engineer- 
ing and Environment and the Subeommittee on Waste Disposal of the 
National Research Couneil, Division of Medical Science; approved 


and released for publication Dee, 2, 1959. 


The report was titled: 


‘*Individual Household Sewage Disposal Systems: Developing Teeh- 
nology, Cost Analyses, and Research Needs.’’ 


Introduction 


In the technical literature of the 
social sciences during the postwar years 
much attention has been given to the 
development of the new exurban pat- 
tern of living in the United States. 
An expansion and diffusion of popula- 
tion into and beyond the peripheral 
zones of metropolitan areas has oe- 
curred at an increasing rate as a result 
of the increased utility of the auto- 
mobile and investment in highways. 
The new Federal highway program 
may be expected to accelerate the 
growth of ‘‘ribbon’’ cities and the dif- 
fuse ‘‘wheel spoke’’ structure of metro- 
politan areas. There is little doubt but 
that the trend will continue in the 
foreseeable future. 

The movement of population has 
created new problems for the sanitary 
engineering profession. Among these 
the most demanding are the problems 
of improving present systems for the 
disposal of liquid wastes indi- 
vidual households and small commu- 
nities and in developing new methods. 


Coulter et al. (1) presented an 
analysis of the current changes in pop- 
ulation distribution based on census 
figures and other sources of statistical 
information. From this analysis it is 
concluded that ‘‘The dwindling farm 
population, the demand for home- 
ownership, modern home financing, 
searcity of land served by sewers, ex- 
pressways, and a phenomenal increase 
in the birth rate are all factors indi- 
eating that the problem of sewage dis- 
posal in suburban areas will become 
increasingly acute for many years to 
come. ... Economic analysis and 
metropolitan planning must (increas- 
ingly) become .. . standard practice 
for sanitary engineers if costly and ag- 
gravating errors are to be avoided.”’ 

Following the ‘‘sanitary revolution’’ 
of the nineteenth century the sanitary 
engineer emerged with two techniques 
for the disposal of human wastes that 
have stood well the test of time. In 
areas of high population density the 
water-carriage system of disposal has 
proved to be effective and economical ; 
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in rural areas the sanitary disposal of 
excreta without water-carriage by 
methods such as the pit privy have 
proved to be satisfactory. However, 
between these two extremes, in regions 
of intermediate population density in- 
cluding the new exurban communities 
and diffuse fringe areas, it has often 
been difficult and sometimes impossible 
to provide a satisfactory sewage dis- 
posal system. In these areas the cost 
of sanitary sewerage may, during the 
initial period of growth, be high to the 
point of being prohibitive. On the 
other hand the population density and 
the standard of living in these places 
are often too high to be satisfied by 
excreta disposal without water-car- 


riage. 


Septic Tank Usage 


In regions where construction of 
community sewage collection and treat- 
ment systems is not immediately 
practicable for financial reasons, the 
most widely ‘used sewage treatment 
process for individual households has 
been treatment of water-carried wastes 
in septic tanks coupled with soil ab- 
sorption systems. This process and re- 
lated systems have been and will con- 
tinue to be satisfactory in areas with 
suitable types of soil, topography, and 
other favorable factors. However, 
there are large sections of the country 
with impervious soils or otherwise un- 
suitable conditions where the method 
has not been successful. Dissatisfae- 
tion with the septie tank-tile field 
method and with related methods in 
their present state of development ex- 
ists among local, state, and federal 
health and water resource regulatory 
organizations. The dissatisfaction 
with the septic tank method derives 
from four sources: 


1. Maintenance by the householder 
is often erratic or completely lacking. 
Adequate inspection and administra 
tion of control by health organizations 
is difficult and expensive. When 
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sludge is not removed at proper inter- 
vals from the septie tank it will be 
discharged together with some fresh 
sewage solids in the overflow and im- 
pair or destroy the receiving capacity 
of the soil absorption system—even if 
the latter is installed in sand with a 
high eapacity for absorbing normal 
effluent. When the absorption system 
fails, raw or partially treated sewage 
seeps onto the ground surface and 
may become a nuisance and a public 
health hazard. 

2. All soil, except the most pervious 
formations, will become clogged with 
the solid organic and _ inorganic 
residues of stabilized sewage. Most ab- 
sorption systems must be revamped or 
replaced at more or less regular inter- 
vals depending on the porosity and 
permeability of the soil, the organic 
loading, the area of the field, and the 
slope of the ground. 

3. The present state of design as re- 
gards the absorption area requirement 
per person is not satisfactory. In 
some regions it is difficult to predict 
with precision the capacity of a given 
soil for receiving effluent. Soil types 
vary over a wide range. Designs based 
on fresh water percolation tests in ecur- 
rent use are frequently wide of the 
mark. In many soils a low correlation 
exists between the observed short-time 
uptake capacity for fresh water as 
measured under unsteady state hy- 
draulic conditions and the long-term, 
more or less steady state, percolation 
capacity for septic tank effluent. 

4. Although when properly designed 
and installed, septie tank and soil ab- 
sorption systems ean give satisfactory 
service in areas where soil conditions 
are favorable, in actual practice most 
systems are installed without adequate 
attention to design and construction 
because of the high cost of adequate 
exploration of the soil and subsoil 
which may require soil borings as well 
as leaching tests. In these areas the 
inadequacy of septic tank systems may 
derive more from improper design and 
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HOUSEHOLD SYSTEMS 


poor construction than from inherent 
limitations of the device—in practice 
it has been difficult to assure that its 
full capabilities will be utilized. 


As a consequence of these technical 
circumstances and the administrative 
problems they create, the use of the 
septic tank and absorption field system 
has resulted in unhygienie and uneco- 
nomical practices in many communi- 
ties. The diffusion of a large segment 
of the population into zones of popula- 
tion density intermediate between ur- 
ban and rural levels has intensified on 
nationwide basis the need for the de- 
velopment of safe and economical 
methods of sewage disposal for exurban 
and diffuse fringe area communities. 


Water Conservation and Ground 
Water Pollution 


In some regions the problem of wa- 
ter conservation is already acute. 
McKee (2) states ‘‘There is one facet 


of the problem that deserves specific 


attention, namely, the matter of waste- 
water reclamation through ground-wa- 
ter recharge. In southern California, 
for example, there are tremendous 
ground-water basins that serve as a 
part of the water supply for metro- 
politan areas. The ground-water table 
is normally several hundred feet below 
the ground surface. With individual 
household disposal systems, much of 
the domestic water is returned to the 
ground where it helps augment the 
natural sources of recharge. When a 
suburban area is sewered, on the other 
hand, the sewage is conveyed .. . to 
the ocean and is lost as a source of 
fresh water.’’ 

Another method of achieving water 
conservation is outlined in a_ subse- 
quent section of this report in which 
aerobie treatment systems for house- 
hold sewage are discussed. 

Some authorities have stressed the 
lack of knowledge at present of factors 
governing the self purification of 
ground water and the persistence of 
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ground-water contamination. A num- 
ber of cases of well pollution by syn- 
thetie detergents from household sew- 
age disposal systems have been re- 
ported by health organizations. 

The foregoing considerations indi- 
cate the need for close coordination 
between research and development in 
sewage disposal methods and that re- 
lating to other segments of the water 
economy. 


Classification of Types of Fringe 
Area Development 


Conceptually it is useful to recognize 
that the radial movement of popula- 
tion from metropolitan centers may 
create two types of fringe areas: (a) 
those suburban zones, subdivisions, and 
shopping centers that will rapidly re- 
ceive full urbanized development with 
high population density ; and (b) those 
more diffuse and remote exurban areas 
where it appears that full development 
is out of the question for at least a 
generation. Much of the dissatisfac- 
tion with individual household treat- 
ment devices has resulted from experi- 
ence in a large number of fringe areas 
of the first type where installation of 
these devices has proved to be a serious 
mistake. Not only have they failed 
to provide satisfactory sewage disposal, 
but more significantly they have re- 
tarded or even blocked the installation 
of conventional water-carriage systems, 
which ultimately for these areas pro- 
vide the only safe and economic dis- 
posal method. 

In the second type of development 
where it appears quite certain that the 
population density will remain at a low 
level for many years, there is no doubt 
but that the individual household dis- 
posal system has a useful and eco- 
nomically justifiable function. 

In many potential fringe areas prac- 
ticable difficulties arise of (a) predict- 
ing correctly whether the ultimate 
development will be heavy or light and 
(b) of foretelling when urbanization 
will be sufficiently complete to warrant 
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public sewerage. Moreover, around 
many cities there exists a nearly con- 
tinuous gradient of population density 
and development level between fully 
urbanized and rural areas. Therefore, 
even though there were no uncertainties 
in predicting the time rate of urbani- 
zation, the administrator has the ad- 
ditional difficulty of identifying for 
a given place and time, the economic 
boundary zone delimiting the utility 
of community sewerage and that of the 
individual household disposal system. 

A method of analysis of the eco- 
nomies and public health aspects of 
fringe area sewage disposal schemes 
is presented in a subsequent section of 
this paper. The method is intended to 
be useful in determining for specific 
sites the most economical resolution of 
the fringe area sewage disposal prob- 
lem given reasonably satisfactory pre- 
dictions of the ultimate level of devel- 
opment and the time rate at which this 
will be approached. 


Classification of Channels for 
Research and Development 


In laying the foundation for eco- 
nomic analysis it is pertinent to 
identify three distinct approaches to 
the needed improvement of the tech- 
nology of sewage disposal for fringe 
areas. 


1. The development of the technol- 
ogy of sewerage systems and com- 
munity sewage treatment plants in 
the direction of reduced costs (initial 
and operational) and _ higher effi- 
ciencies. The emphasis here should 
be on the needs of the small community 
or isolated subdivision. 

2. The development of new or modi- 
fied treatment methods and devices, 
including those for disinfection, suit- 
able for installation at individual 
houses. 


3. The development of new or modi- 
fied (ultimate) disposal methods and 
devices suitable for installation at in- 
dividual houses. 


It is useful to ree- 
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ognize that in the absence of an ade- 
quate body of receiving water, there 
exist only three possibilities for the 
ultimate disposal of treated sewage 
effluents from individual households: 
the effluent can be discharged (wholly 
or in part) (a) into the where 
eventually it will join the ground wa- 
ter or be evaporated; (b) onto the 
ground surface and to natural drain- 
age, if any; and (c) to the air by 
aerosol production, evaporation, and 
transpiration. 


soil 


In assessing the relative merits of 
these approaches and in planning for 
future directed research and develop- 
ment it is pertinent to list and discuss 
briefly recent advances and trends in 
the technology of wastewater treat- 
ment and disposal. 


Technological Developments 
Sewerage 


The principal limitation in the ex- 
tension of the conventional water-car- 
riage system to fringe areas has been 
its high cost. Many of the existing 
combined sewerage systems of large 
and medium-sized cities are already 
loaded to hydraulie capacity, and ex- 
tension of these feasible with- 
out drastic and expensive construction. 
However, indicates that 
often an older system can accommo- 
date considerable extension provided 
that extension is confined to sanitary 
sewage only. 

New subdivisions and exurban com- 
munities often located in areas 
where topographical conditions are un- 
favorable for gravity flow systems and 
for ultimate disposal in natural water- 
ways of adequate receiving capacity. 
Moreover, 


is not 


experience 


are 


the cost of sanitary sewer- 
age is closely dependent on population 
density. The per capita cost in many 
situations varies approximately in- 
versely as the square root of the areal 
density of population. According to 
this rule, the cost per person of sewer- 
age in a zoning area with minimum lot 
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sizes of one acre is approximately three 
(V 43,560/5,000) times that of zones 
with lots averaging 5,000 sq ft. 

The Committee on Public Health Ac- 
tivities of the Sanitary Engineering 
Division of the American Society of 
Civil Engineers has recently presented 
an analysis of the various factors that 
operate to determine the zone of utility 
of the community sewerage system and 
that of the individual household dis- 
posal system (3). This report points 
out the poor economy that has occurred 
in many subdivisions where installation 
of individual systems has been _per- 
mitted. In these places the construe- 
tion of community sewers though re- 
quiring a greater amount of initial 
investment, would have resulted in sub- 
stantial long-term saving. 

The chief technological developments 
that tend to reduce sewerage costs are: 
(a) the continued improvement in the 
efficiency of trenching machinery and 
other types of earth-moving equip- 
ment; and (b) the utility of new ma- 
terials such as plastics, for pipes. 
Along with these may be listed the 
steady improvement in efficiency and 
reliability of pumps, motors, and com- 
minutors, and the reduced cost and 
increased availability of electrie power. 

An increasing number of engineers 
believe that these developments may 
be combined to make possible a new 
concept of separate sewerage for areas 
of intermediate population density 
with large lot sizes. The new systems 
would feature small diameter force 
mains of synthetic materials in rela- 
tively shallow trenches, having fre- 
quent curves, few manholes, and nu- 
merous small pumping and comminu- 
tion stations. 

A scheme developed in Sweden (4) 
incorporates some of these features ; the 
sewers are under negative pressure 
for the vacuum transport of toilet 
wastes that have been separated from 
bath, dish, and laundry wastewater. 
The rinse water for toilet refuse moves 
as a piston-like plug through small 
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plastic pipes which may be laid above 
or below the hydraulic grade line. A 
reduction in toilet water use of 60 to 
80 per cent is claimed. The greatest 
economic gain comes from construction 
since less excavation and blasting are 
required. The Swedish Government 
has allocated state grants for continued 
development. 


Small Community Sewage 
Treatment Plants 


The principal improvement in sew- 
age treatment for small communities 
has been in the direction of develop- 
ment of reliable components (pumps, 
motors, compressors, comminutors) 
and simplified processes that reduce op- 
erating and personnel costs. <A par- 
ticularly promising trend is the evolu- 
tion of the ‘‘all aerobic’’ plant with 
elimination of settling and digestion 
units, and having only simple me- 
chanical components such as pumps, 
comminutors, and compressors. 

A number of equipment manufac- 
turers with continued investment in 
development have perfected small 
‘‘nackaged’’ plants that are adapta- 
tions for the small community of con- 
ventional treatment methods such as 
the activated sludge and trickling fil- 
ter processes. In many localities an 
administrative pattern has developed 
in which it is now possible for a single 
operator to maintain several of these 
small plants in adjacent communities. 

There have been difficulties in some 
states in securing adequate operation 
of small plants, particularly in instal- 
lations providing temporary treatment 
pending connection with larger metro- 
politan systems. Some health depart- 
ments have therefore found it expedi- 
ent to withhold permits for installation 
of packaged plants until there has been 
developed a master plan assuring ade- 
quate continuity and quality of opera- 
tion, and providing for the elimina- 
tion of these facilities in accordance 
with an accepted schedule for connec- 
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tion to the metropolitan sewerage sys- 
tem. 

In this connection it is relevant to 
cite the recognition of the 
utility of stabilization ponds 
for small communities in areas where 
climatic conditions are favorable. Ex- 
periments by Pasveer (5) have shown 
that the area of stabilization ponds 
may be reduced markedly when a small 
amount of mechanical aeration is in- 
troduced. Although there has been 
an encouraging amount of progress in 
establishing the capabilities of the sta- 
bilization pond, more toward 
evaluation is desirable. 


increased 


sewage 


work 


Individual Household Aerobic Sewage 
Treatment Systems 


The trends and developments that 
have improved the small community 
plant have been extended and applied 
to the treatment and disposal of waste- 
water from individual households. 
The most promising result has been an 
adaptation of the activated sludge 
process. The development of house- 
hold aerobic sewage treatment devices, 
which derives primarily from the work 
of Bloodgood (6), Perry and 
Rigby (8), is an important forward 
step in sanitary engineering practice. 
Criteria for the design and the de- 
limitation of the use of these devices 
have been reported by committee stud- 
ies (9). 


23, 


The new and essential teehnical in- 
novation is the aerobic stabilization of 
sewage in aerated tanks in the 
ence of activated or semi-activated 


pres- 


sludge for long periods—usually 24 
hr or more. With the long period of 
oxidation the amount of sludge is 
greatly reduced. A small amount 
(normally) of residual spent excess 
sludge is carried out in the effluent. 
The elimination of the need for fre- 


quent sludge removal is an important 
achievement and ameliorates the main- 
tenance problem. The practicality of 
some of the commercial and experi- 
mental systems has been enhanced by 
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the development of ingenious devices 
for mechanical aeration and sludge re- 
turn. 

In one modification developed by 
Bloodgood (6), Perry (7), and Ribgy 
(8) water conservation is achieved by 
the use of settled effluent as a toilet 
flushing fluid. With the reduced vol- 
ume of flow longer detention periods 
and higher treatment efficiencies are 
achieved. The amount of effluent is 
determined by the number and type 
of household plumbing fixtures con- 
nected to the system. Under certain 
conditions the unit can operate essen- 
tially as a closed system for long pe- 
riods of time with little or no effluent. 

In attempting to assess the present 
utility and potentialities of the indi- 
vidual household aerobie sewage treat- 
ment device, reference must be made 
to the fundamental objectives of safe 
disposal methods—the elimination of 
public health hazards and the preven- 
tion of nuisance. On the basis of pres- 
ent experience with these units it ap- 
pears that with conservative design, 
normal loading, and adequate main- 
tenance they may be operated without 
nuisanee and will produce an effluent 
that is acceptable in appearance and 
free from objectionable odors. This 
is a notable achievement. 

Existing experience, however, is not 
sufficient to establish the extent to 
which these treatment devices reduce 
the hazard of water-borne disease. 
Here important and complex problems 
arise that must be considered carefully 
in determining the proper methods for 
the disposal of the effluent from these 
new devices. 

Some insight is provided by the effi- 
ciency of removal of coliform bacteria. 
There is a paucity of reliable informa- 
tion of this type, but even with more 
extensive data, coliform removal per- 
formance is by itself not sufficient to 
establish firmly the degree of health 
hazard associated with various schemes 
of disposal of the effluent; more in- 
formation is needed. The coliform re- 
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moval efficiency of these devices rela- 
tive to other benchmarks of coliform 
density is indicated in Table LI. 
State health departments and wa- 
ter pollution control organizations have 
generally stipulated that effluents from 
household, institution, and community 
sewage treatment plants discharged to 
natural drainage must have low eoli- 
form density levels approximating 
those required by bathing and recrea- 
tion water codes. Occasionally installa- 
tions such as sewage disposal systems 
in rural schools in sparsely settled 
regions are approved in which these 
levels are exceeded. Such approval, 
however, has been given only after a 
careful appraisal of local health haz- 
ards. Probably in no ease, however, 
have health organizations knowingly 
permitted the discharge of sewage 
plant effluents with coliform densities 
in excess of about 10° per 100 ml to 
natural drainage, dry ditches, or small 
streams that are accessible to humans. 
If a plant effluent exceeds this approxi- 


mate density level, then good practice 
requires conveyance of the effluent in 
a covered drain to a receiving water 
of capacity sufficient to provide ade- 
quate dilution and self-purification. 
The most reliable data relating to 


coliform removal efficiency of indi- 
TABLE I.—Coliform Density Comparisons 
in Various Media 
Approximate Range of 


Coliform Density 
per 190 ml 


10° to 10° 


Fluid 
Household raw 
sewage 
Septic tank effluents 
Individual household 
aerobic units* 
Septic tank with sub- 
surface sand filters 
Bathing water (typi- 
cal standards) 
Drinking water 


3 X 107 to 3 10° 
to 107 
3 X 10* to3 108 


10 to 108 
0.1 to 1 


* Based on limited data from systematic 
sampling and standard methods of coliform 
assay. Numerous data from grab samples 
reported in the literature exhibit a wide range 
of densities ; in part the disparity of these results 
may be attributed to use of non-standard coli- 
form sampling and analytical techniques. 
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vidual household aerobic sewage treat- 
ment systems indicate that these units 
yield coliform densities in excess of 
those which have been considered tol- 
erable for surface discharge in areas 
accessible to humans. If conventional 
sanitation practice is to be maintained, 
then further processing of the effluents 
of these units is needed. Aside from 
soil absorption methods that are con- 
sidered in a subsequent section of this 
paper, possibilities for further treat- 
ment inelude (a) subsurface (or pos- 
sibly in special cases superficial) coarse 
sand filtration, (b) aerobic stabiliza- 
tion in ponds or contact beds, and (c) 
disinfection or possibly pasteurization. 

Sand filters offer a feasible solution 
in some cases but experience with these 
has not been entirely satisfactory. 
They require careful construction 
and may be expensive. Moreover, fil- 
ters are often difficult to maintain and 
may require more or less periodic re- 
vamping or revlacement. The quality 
of the effluent of sand filters varies 
widely in different installations de- 
pending on the depth, effective size, 
rate of filtration, and influent quality. 
In some jurisdictions chlorination of 
the effluent is required. Aerobie sta- 
bilization ponds, contact beds, and dis- 
infection units at present are gener- 
ally not suitable for use for individual 
household sewage but may be effective 
and practicable in small community 
treatment plants. Further research to 
develop practical household sewage dis- 
infection systems is needed; such de- 
vices would fill an important gap in 
the present array of treatment methods 
and would undoubtedly have great 
utility in many intermediate and low 
population density areas. However, 
with any one of these alternatives the 
cost to the householder is increased 
substantially beyond that of the self- 
contained aerobic treatment unit. 
There is a line of research that would 
appear to be productive in partially 
overcoming this additional cost barrier. 
The authors believe that (a) with 
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eareful design of 
mentation, and 
rangements, the 
short-circuiting, 
some 


baffling, 
inlet and 

degree of 
which 
commercial 


compart- 
outlet ar- 
hydraulic 
is excessive in 
experimental 
minimized so 


and 
units, may be as to re- 
duce substantially the hazard of pas- 
sage. of pathogenic microorganisms; 
and (b) with a source of heat and an 
efficient heat exchanger (thermophilic 
aerobic stabilization on the inflow side 
and minimal pasteurization tempera- 
tures on the outflow side) it is possible 
that a nuisanece-free effluent could be 
produced that might safely be dis- 
charged to neighborhood surface drain- 


age. 


Trends in Septic Tank Design 


No fundamental in septic 
tank design has occurred during the 
past 30 years. However, there has been 
an increased recognition of the merits 
of certain design and maintenance cri- 


change 


teria, and practice has become more 
nearly uniform throughout the country. 
There increased use of 
steel tanks, although properly cured 
cast-in-place and reinforced 
conerete tanks are generally preferred. 


has been an 
precast 


The recent adoption by manufacturers 
of steel tanks of minimum specifications 
embodied in Commercial Standard 
177-51 of the United States Depart- 
ment of Commerce has resulted in im- 
proved construction. 

The principal trend has been toward 
specification of larger tank capacities 
and the elimination in some regions of 
types of tanks having inferior hy- 
draulic and structural characteristics. 
This improvement is reported exten- 
sively by Weibel (10). The salient 
results of this investigation ineluded 
a determination of the following: 


1. Optimum sizes (capacity per per- 
son or per bedroom). 

2. Relative proportions of the total 
volume needed for sludge, seum, and 
intranatant liquor. 
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3. Baffling, inlet and outlet arrange- 
ments to eliminate excessive hydraulic 
short-cireuiting and sludge erosion. 

4. Additional 
households with 


capacity needed for 
food erinders 
and automatic sequence washing ma- 
chines. 


waste 


The results of this investigation and 
recent experience in various states are 
incorporated in a recent Publie Health 
Service publication (11). All investi- 
gations have pointed up the need in 
septic tank operation for periodie in- 
spection and cleaning at proper inter- 
vals to avoid excessive accumulation of 
sludge and scum. Otherwise solids will 
be carried out of the tank to the dis- 
posal field and will clog it. When the 
absorption capacity of the bed is ex- 
ceeded it is necessary not only to clean 
the tank but also to renovate or even 
replace the absorption field. 

Research in the past three years on 


high rate sludge digestion and _sta- 
bilization at several universities and 


other experimental centers has indi- 
eated that the time required for an- 
aerobie sludge digestion or stabiliza- 
tion may be substantially reduced by 
maintaining optimal conditions of tem- 
perature and pH, and _ providing 
proper control of mixing, recireula- 
tion, and hydraulic short-cireuiting of 
the sludge. 

Ettinger, Witherow, and Coulter 
(12) have reported the results of lab- 
oratory and field tests of anaerobic 
treatment of domestic sewage in up- 
ward flow tanks having detention pe- 
riods of about 18 hr. The treatment 
efficiency of these devices is equivalent 
at least to that attained in conven- 
tional primary treatment and in some 
tests the effluent was comparable (on 
the basis of BOD and suspended solids 
concentration) to that rate 
trickling filters. The method appears 
to eliminate the need for separate 
sludge digestion and offers attractive 
possibilities 


of high 


small interim 
munity treatment plants. 


for com- 
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While all these results have had ap- 
plication so far only to municipal and 
small community sewage treatment 
plant design, there is reason to believe 
that similar improvements may be 
achieved in household sewage treat- 
ment. These would undoubtedly in- 
volve radical reshaping of the an- 
aerobic tank, perhaps with utilization 
of upward flow, mechanical mixing, 
and small amounts of heat. 

Ludwig (13) has presented a pene- 
trating analysis of field tests of tanks 
of various sizes and shapes that in- 
dicate possibilities for improved de- 
sign. He has also suggested that en- 
hanced performance might be attained 
by installation of a mechanical mixer 
in the primary chamber of a two-com- 
partment tank which, operating pe- 
riodically, would speed the process of 
anaerobic digestion. 


Soil Absorption Systems 


Since the effluent of septic tanks 


and other anaerobic and aerobic treat- 
ment devices for the wastewater of in- 
dividual households generally cannot 
be ‘‘safely’’ discharged on the surface 
of the ground, and since further treat- 
ment before ultimate surface disposal 
is usually ‘‘expensive’’ and often ‘‘im- 
practical,’’ it is manifest that soil ab- 
sorption systems will continue to be 
used extensively in areas where com- 
munity sewerage and sewage treatment 
is ‘‘prohibitively’’ expensive. Soil ab- 
sorption systems, however, are known 
to have serious limitations in areas 
having ‘‘poor’’ soils. 

All the frequently used words in 
quotation marks in the previous para- 
graph in themselves have no semantic 
content in a quantitative sense except 
insofar as they can be defined and 
elucidated by an analysis of the costs 
and benefits (elimination of public 
health hazard and nuisance) of vari- 
ous sewage disposal schemes. Cost and 
benefit analyses of conventional sew- 
erage and sewage treatment systems 
may be made with relative ease and 
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reliability. Likewise cost estimates of 
septic tanks and household aerobic sew- 
age treatment devices (including main- 
tenance and operation costs) may read- 
ily and reliably be made. This is not 
true, however, for soil absorption sys- 
tems. While there is much information 
relating to soil absorption systems in 
the literature and in the files of local 
and state regulatory organizations, the 
data have not been systematically 
analyzed. This is in part due to the 
circumstance that no _ satisfactory 
theory of the soil absorption system has 
been developed. 

The objective of this section is to 
present a tentative theory of the func- 
tioning of soil absorption systems to- 
gether with an economic ‘‘model’’ or 
formulation by which the merits and 
limitations of these systems may be 
measured. It is hoped that the theory 
will make it possible to close an im- 
portant gap in engineering analysis 
and to delimit more precisely those 
zones in which community sewerage be- 
comes ‘‘prohibitively’’ costly and to 
identify more definitively those zones 
where the soil is too ‘‘poor’’ for ab- 
sorption systems. It must be empha- 
sized, however, that in the sections to 
follow, it is methodology rather than 
practical results and conclusions that 
is being diseussed. Reliable quanti- 
tative data are lacking and data used 
in the various examples are not neces- 
sarily firmly based on experiment and 
experience; they serve primarily to 
elucidate the theoretical argument. 

Soil absorption systems include deep 
seepage pits, shallow seepage beds, nar- 
row (and sometimes deep) seepage 
trenches, and conventional tile fields, 
which may have a single trench or 
several trenches in a variety of con- 
figurations. Combinations of these 
devices are used in some installations. 
All are disposal systems in that they 
produce no surface effluent. It is in 
this respect that they are to be dis- 
tinguished from treatment devices 
such as sand filters and filter trenches 
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which do produce a surface effluent 
requiring ultimate disposal. 
Although the ‘“*treatment”’ 


and **disposal’’ are sometimes loosely 


terms 
used synonymously, it is worthwhile 
here to assign different connotations 
to these terms. For example, septic 
tanks through anaerobie treatment re- 
duce the clogging characteristics of 
raw sewage. Further treatment may 
oceur depending on the length of de- 
tention in the storage zone of the ab- 
sorption system prior to absorption. 
Disposal (here) is by percolation into 
the ground and by evapo-transpiration. 
In some absorption systems, such as 
the cesspool, the processes of treatment 
(sludge deposition and anaerobic de- 
composition) and ultimate disposal by 
absorption are combined. In all soil 
absorption systems some retention or 
storage of the fluid occurs in the 
leaching device prior to absorption. 
Consequently, additional an- 
aerobic decomposition or even aerobic 
stabilization takes place. In certain 
devices, such as the tile field and the 
seepage pit, this additional treatment 
may be augmented by the presence of 
rocks or gravel which provide contact 
surfaces for biological activity. 


some 


Loading Capacity Factors 


The loading 
tion system is 
lowing factors: 


1. The effective area of interface 
between the soil and the liquid. Verti- 
eal surfaces are probably more effective 
than horizontal surfaces because (a) 
soil permeability in typically layered 
soils is greater in the horizontal plane 
than in the vertical direction, and (b) 
bottom areas are usually covered with 
a thicker sludge blanket than are side 
wall areas. 


capacity of an absorp- 
determined by the fol- 


2. The permeability, porosity, and 
homogeneity of the soil. In soils of 
high permeability the movement by 
convection of the liquid away from 
the interface is relatively rapid. Soils 
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of high porosity permit of a greater 
freedom of movement by diffusion of 
oxygen to the zone of biochemical sta- 
bilization ; moreover, evaporation rates 
are higher in Lomo- 
geneous soils have a greater capacity 
for absorption than non-homogeneous 
soils, other factors being the same, since 
these will allow shorter pathlines of 
movement of water by convection and 
air by diffusion. An impervious stra- 
tum near the ground surface may in- 
hibit the downward diffusion of oxy- 
gen and the upward movement of wa- 
ter in evaporation and transpiration. 

4. The geometry or shape of the 
system. The various types of soil 
absorption systems differ one from an- 
other chiefly by their shape. Tile fields 
and seepage beds are relatively shallow 
and have a low ratio of liquid volume 
to soil surface area. Seepage pits and 
relatively deep and have 
of liquid volume to soil 

This ratio provides a 
useful parameter for describing and 
classifying soil absorption systems as 


porous soils. 


cesspools are 
a high ratio 


surface area. 


to size and shape. It is convenient to 
refer to the ratio as the ‘‘hydraulic 
radius’’ since there is a formal analogy 
with the hydraulie radius of open chan- 
nels |(volume of water in a reach of 
channel)/(area of wetted contact 
terface) |. 


in- 


4. The hydraulic arrangement for 
loading different components of the 
absorption field. Sullivan, Coulter, 
and Bendixen (14) have presented the 
results of field studies showing that 
marked improvement in performance 
may be obtained in tile fields on slop- 
ing ground when the _ individual 
trenches are loaded in series over that 
obtained with the conventional ar- 
rangement of trench laterals dosed in 
parallel from a distribution box. In 
the latter system the useful life is de- 
termined by the failure time of that 
lateral having the smallest capacity ; 


in the serial distribution system all 


trenches must be filled before failure 
can oceur. 
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Ludwig (15) describes experience in 
California at installations where sew- 
age is produced 24 hr/day (gasoline 
service stations, bus cafes, ete.). It 
has been found that where steady dis- 
charge to an absorption system causes 
clogging, that if the system is divided 
into two sections which are dosed al- 
ternately, no further clogging oceurs. 
He suggests that the improved per- 
formance may be due to better ventila- 
tion. 

As has been pointed out, soil ab- 
sorption systems serve two functions: 
(a) they provide additional or sup- 
plemental liquid storage time for bio- 
chemical decomposition and _ stabiliza- 
tion which improves the filterability of 
the effluent, and ()) they provide con- 
tact interface for absorption. In shal- 
low systems such as tile fields and 
seepage beds, which have a small hy- 
drauliec radius, function (a) may be 
relatively unimportant; in deep sys- 
tems such as seepage pits, which have 
a ‘arge hydraulic radius, funetion (a) 
may be of considerable importance in 
determining the over-all efficiency. 

Shape may affect the load capacity 
of an absorption system in another way 
that is not directly related to the hy- 
draulie radius. An absorption system 
with a long ‘‘shore line’’ (i.e. line 
of contact between air, liquid, and soil) 
will be more efficient, other things such 
as soil area and hydraulic radius being 
equal, than a system with a short shore 
line, since the rate of diffusion of oxy- 
gen to the zone of biochemical stabiliza- 
tion near the liquid-soil interface will 
be greater in the former case. An- 
other factor tending to increase the 
amount of biochemical stabilization in 
the soil along the shore line is the 
diurnal ‘‘tide’’ of the liquid surface, 
which speeds absorption and oxygen 
transfer and uptake in littoral zones. 
Also, there may be a substantial sea- 
sonal variation in the elevation of the 


liquid surface correlating with sea- 
sonal fluctuations the ground-water 
level that will enhance the rate of 
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stabilization near the line of contact 
of the liquid, the soil, and the air. 
The conventional tile field with mul- 
tiple trenches has a long shore line 
and this possibly may well be a reason 
that this device is often found (for 
a given type of soil) to have a higher 
capacity per square foot for receiving 
effluent than some other types of ab- 
sorption systems. 

Factors important in the selection 
of the proper type of absorption sys- 
tem include: (a) the average depth to 
the ground water level and seasonal 
fluctuations of this level, (b) the depth 
and thickness of previous strata, (c) 
lot size, (d) cost and availability of 
earth-moving machinery, and (e) ae- 
cessibility for maintenance. 


Fresh Water Percolation Tests 


In current practice an approximate 
measure of the areal loading capacity 
of the soil for receiving septic tank 
effluent is obtained from falling-head 
percolation tests with fresh water. 
Several ‘‘recipes’’ for conducting this 
test and interpreting the results have 
been promulgated (10) (11) (16) (17) 
(18) (19). Empirical computational 
routines for reducing the raw percola- 
tion rates with data for unsteady fall- 
ing-head conditions to quasi-stable 
‘‘equilibrium’’ rates have been devised 
by a number of investigators to extract 
the maximum amount of information 
from short-time tests. 

In certain soils the percolation test 
is known to have a fair correlation 
with long-term septic tank effluent ab- 
sorption capacity and so provides a 
useful tool for design. In other soils 
the correlation is low or completely 
lacking despite the fact that absorp- 
tion systems may work satisfactorily 
in these. Consequently it would appear 
that some important soil characteristic 
or characteristies is not taken into 
account by the usual type of fresh 
water percolation test. 

There appears to be a widespread 
belief that the rate of absorption of 


ve 


sewage is limited primarily by hy- 
draulic friction in the soil and ae- 
cordingly the percolation test should 
be designed to provide an estimate of 
this especially to establish an **equi- 
librium’’ rate of fresh water seepage. 
On the basis of recent developments 
in the soil sciences there is some rea- 
son to question the assumption that 
hydraulic friction is the dominant and 
controlling factor in all soils. Investi- 
gations of the feasibility of ground 
water recharge with sewage and sew- 
age plant effluents in California (20) 
have contributed greatly to knowledge 
of the process of sewage absorption in 
soils. The following interpretation of 
these important results is that of the 
authors and does not necessarily ¢o- 
incide with that of the investigators. 
It should be said, however, that the 
interpretation has only the status of an 
hypothesis and is useful only in de- 
signing experiments to establish facts. 

In a new soil absorption system a 
film of sludge and biological gel is 
ouickly built up on the liquid-soil 
interface, and organic and inorganie 
residues rapidly fill a portion of the 
interstices between the grains for a 
very short distance beyond the inter- 
face. It is in the zone of partial 
clogging that the hydraulic gradient 
is greatest. Only a small or negligible 
amount of hydraulic loss occurs in the 
soil regions beyond this ‘‘bottleneck,’’ 
as may be inferred from the fact that 
the effluent percolation rates here are 
normally one or two orders of magni- 
tude smaller than those of the fresh 
water percolation test. Moreover, in 
a new system the absorption proceeds 
at the greatest rate in the most pervi- 
ous strata or sectors. The interfaces 
of these become clogged more quiekly 
than the other areas so as to reduee 
the local percolation rate and to cause 
absorption to be more nearly uniformly 
distributed over all strata 

At the same time that particles of 
sewage solids are forming a clogged 


zone upon and a short distance beyond 
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the interface, biochemical decomposi- 
tion and liquefaction is proceeding. 
Biological activity is accelerated with 
the coneentration of organic matter 
and creation of large areas of contact 
surfaces. The biochemical processes 
of liquefaction, gasification, and 
progressive stabilization of organic 
solids tend to restore the perviousness 
of the interfacial zone. The action may 
be greatly speeded according to the 
hypotheses under discussion if a suffi- 
cient amount of atmospheric oxygen 
is available so that a fairly complete 
degree of aerobic decomposition oe- 
curs. The principal mechanism for the 
movement of oxygen from the air to the 
submerged interface is diffusion 
through the soil. Computations indi- 
‘ate that even in relatively non-porous 
soils a steady rate of oxygen transfer 
sufficient to satisfy the BOD at the 
interface can be maintained with dif- 
fusion gradients obtained in many com- 
mon types of soil absorption systems. 
Also, many absorption system designs 
provide adequate detention time prior 
to absorption for a high degree of 
aerobie stabilization to take place given 
an adequate supply of oxygen. Dif- 
fusion is, of course, greatest in porous 
soils; unlike convection, however, it 
does not necessarily take place chiefly 
through large diameter pores. The 
rate of movement of a gas by diffusion 
through a dry soil is independent of 
grain size and depends only on the con- 
centration gradient of the gas and the 
void ratio of the soil. Convection 
rates of a fluid through a granular 
medium are markedly affected (for 
fixed porosity and pressure gradient) 
by grain size; the velocity of percola- 
tion varies approximately as the square 
of the grain size. If the diffusion of 
oxygen to the interface is in fact the 
rate controlling process in the absorp- 
tion mechanism, it cannot be expected 
that the usual fresh water percolation 
rates will correlate well with measure- 
ments of the areal sewage load capacity 
of various soils. While fresh water 
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percolation rates do to some extent re- 
flect soil porosity, they are markedly 
influenced by the presence or absence 
of pores of large diameter particularly 
if ‘‘equilibrium’’ rates are measured. 
If porosity (for oxygen diffusion) 
rather than permeability (for liquid 
convection) is the important soil char- 
acteristic, it would appear in the cor- 
relation analysis that initial fresh 
water percolation rates, which are in- 
fluenced by capillary action and hence 
by small pores, should be used rather 
than the ‘‘equilibrium’’ rates which de- 
pend chiefly on the larger pores. In 
fine soils, particularly those with an 
admixture of clay, the diffusion of 
oxygen is of course inhibited by the 
fact that such retain moisture 
from rain which fills part of the inter- 
stitial space. Percolation tests do in 
part reflect the drainability of soils 
and this may well be the chief reason 
why some positive correlation is found 
between percolation tests and sewage 
load capacity of soils. 

At present, knowledge is lacking as 
to whether effluent percolation friction 
in the soil or the transfer of oxygen 
to the soil-liquid interface is the rate 
limiting process. It may well be that 
both processes are important. Sinee, 
however, in many soils the results of 
fresh water percolation tests are known 
to yield unsatisfactory estimates of 
effluent areal loading capacity, it is 
evident that fundamental research is 
needed to elucidate the mechanism of 
soil absorption. If such research indi- 
cates that oxygen transfer is important 
then (a) soil absorption systems should 
be designed so as to obtain adequate 
ventilation at and near the liquid-soil 
interface: and (b) in testing soils to 
obtain an estimate of their areal load 
capacity for effluent, a 
should be that soil 
porosity per se rather than permeabil- 
ity. 

It is relevant that if oxygen diffusion 
in the soil were normally the rate lim- 


soils 
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iting process, then the capacity of a 
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given soil for receiving the effluent of 
a household aerobic sewage treatment 
device should normally be greater than 
its capacity for receiving septic tank 
effluent, because the former normally 
has a lower BOD and therefore a 
smaller amount of diffused oxygen will 
suffice to control the rate of clogging 
at the interfaces. This conclusion is 
corroborated by the results of ground 
water recharge experiments with set- 
tled sewage and with effluents from 
biological aerobic sewage treatment 
plants. 


Mathematical Formulation of Areal 
Capacity of Soil Absorption 
Systems 


The capacity of a soil for receiving 
wastewater is eventually exhausted be- 
cause of the accumulation of inorganic 
and stable organic residues in the soil 
pores near the liquid-soil interface. 
The relation between the soil type, the 
organic loading rate, the area, and the 
useful life of the system is given by 


where 


fP =the “equivalent” population 
load. P is the number. of per- 
sons in the household; and f is 
a factor reflecting (a) the type 
and extent of treatment of 
sewage, if any, prior to soil ab- 
sorption; and (b) the presence 
or absence of food waste grind- 
ers or automatic washing ma- 
chines in the household. Since 
the bulk of available experi- 
mental data pertains to septic 
tank effluents, it is convenient 
to set f = 1 for households with 
septic tanks of adequate capac- 
ity but without food waste 


grinders or automatic washers. 
If these latter are used then f 
will be larger than unity; the 
Manual of Septic Tank Prae- 
tice (11) suggests appropriate 
numerical values based on pres- 
information. 


ent Also, if an 


- 
; 


aerobic treatment unit is in- 
stalled, f may be smaller than 
unity, possibly by a consider- 
able amount. At present ex- 
perimental data are not avail- 
able to indicate the appropriate 
magnitude of f for these devices. 


A =the effective area (in square 
feet) of the soil liquid interface 
in the absorption system when 
the ultimate permissible flow 
level (elevation) is attained in 
the absorption system. 


t = the useful life (in years) of the 
system before the ultimate per- 
missible flow level of the system 
is attained; continued opera- 
tion will result in seepage to the 
ground surface or sluggish 
draining of household plumb- 
ing fixtures. 


L = the unit areal load canacity of 
the soil. It reflects (a) the 
permeability and/or porosity 
of the soil; (b) the geometry of 
the system (hydraulic radius, 
and length of ‘ line) ; 
(c) the detention 
time of effluent prior to ab- 
sorption; and (d) the method 
of hydraulic control.* The 
parameter L varies in different 
soils for a given type of system, 
and it with different 
types of systems for a given 
kind of Numerically, L 
represents the number of years 
that 


* The a multiple 
unit system (e.g., having two or more trench 


‘shore”’ 


storage or 


varies 


soil. 


one square foot of soil- 


areal 


load capacity of 


laterals or seepage pits) depends in part on 
the method of 
A multiple unit will 
over-all L-value if each unit as it 
maximum permissible flow level 


inflow. 
lower 
is filled to 
elevation is 


hydraulie control of 


system have a 


isolated hydraulically from the others, than 


if the hydraulic connection is retained while 


the other units are 
tion capacity of 
hausted when it 
time. 


filling. The soil absorp 


a unit is not necessarily ex 
filled for the first 
It may have a considerable amount of 


becomes 


residual absorption capacity 
plied at a reduced rate, 


if inflow is ap- 
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liquid interface can receive the 
wastewater of a single “‘equiva- 
lent’? person before becoming 
permanently clogged. L may 
be measured directly from ab- 
sorption system performance 
data by use of equation 1, or it 
may be estimated by a 
test, such as the fresh 
percolation rate test. 


soil 


water 


The implications of Equation 1 may be 
elucidated by an example. 


A six-person house has a septic tank 
(with adequate capacity and adequate 
maintenance) but no food waste 
grinder or automatic washing machine. 
A soil absorption system is installed 
consisting of a single seepage pit, 3 
ft in diameter and 40 ft deep (side- 
wall area, 377 sq ft). The system is 
used 10 yr and then becomes clogged 
so that sewage appears on the surface 
of the ground. According to equation 
1 if the household had consisted of 3 
persons instead of 6, the system would 
have lasted 20 yr. Alternately, if there 
had been two seepage pits operated 
serially instead of one, the system 
would have lasted 20 yr with 6 per- 
sons. Also, if a food waste grinder 
(or an automatic washing machine) 
had been used, the system (with 6 
persons) would have lasted less than 
10 yr; if an aerobic sewage treatment 
device had been installed instead of a 
septic tank the system might have 
lasted longer than 10 yr.+ 

+ An implicit assumption underlying Equa- 
tion 1 is that the organic loading (pounds of 
BOD per day per square foot of soil contact 
area) is directly proportional to contributary 
population. This assumption is supported by 
a significant amount of data. 
dieate that the 
per day per square 


These data in- 
loading (gallons 
foot of contact area) is 
proportional to the population ; 


hydraulic 


not directly 


eg, the weekly volume of laundry wastewater 


from a family of six is generally less than 
twice the volume from a family of three. 
However, a multiple regression analysis of 
the available data indieates that the useful 


life of absorption fields is much more closely 
dependent on 
draulic 


organie loading than on hy 


loading. 


Therefore, Equation 1 has 
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For purposes of design it is conveni- 
ent to write equation 1 in a different 
form 


faP ata 


Aq La 


where the subscript d with f, P, t, and 
L indicates these are the design values 
predicted for these variates, and Ay 
is the predicted areal capacity of the 
absorption system to be used in the 
design. 

The value of Lg in Equation 2 may 
be estimated from previous experience 
with soils in the community or it may 
be estimated from a soil test (or tests). 
The value of f,Pa is the predicated 
equivalent person loading as based on 
the number of bedrooms, the type of 
pretreatment, if any, before absorp- 
tion, and the presence or absence of a 
food waste grinder and automatic 
washing machine. The quantity t, is 
the desired (or desirable) life of the 
absorption system before it must be 
revamped or replaced. In the past in 
many states it has been customary to 
predicate a 20-yr life for the system 
and to design accordingly. An analy- 
sis of economic and public health as- 
pects presented in the next sections in- 
dicates that this may be an uneconomic 
and possibly hazardous design predica- 
tion in some situations. In this analy- 
sis it is assumed that no errors occur 
in the estimation of f, P, and L.* 


Economic Analysis 


The total cost of an individual house- 
hold sewage disposal system can be 
been based primarily on organie loading. 
Some ancillary adjustment for atypical hy- 
draulie loading may be made as needed by 
means of the parameter f in the formulation. 

* The actual life of a soil absorption sys- 
tem designed in accordance with Equation 
2 will differ to a greater or lesser extent 
from the expected (or design) life because 
of inevitable diserepancies between the actual 
values of f, P, and L, and those predicated 
in the design. The chief souree of error lies 
in the estimation of L, the unit areal load 
capacity of the soil. 
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divided into four component costs as 
follows : 


1. Cost of installation of the septic 
tank or other type treatment unit. 

2. Present value of future costs of 
maintenance, operation, and inspection 
of the treatment unit. 

3. Cost of installation of soil absorp- 
tion system. 

4. Present value of future costs of 
renewal, i.e., periodic repair or replace- 
ment of the absorption system at regu- 
lar intervals of ¢t years. 


In terms of present value the total 
cost, Cy, in dollars, is 


Cr = OF +. + C3 + C4. (3) 
where: 


(, = initial cost of installation of 
treatment unit, dollars. 
1 
C2. =e. where is the 


annual cost (in dollars) of 
operation, maintenance, and 
inspection of the treatment 
unit (e.g., for sludge removal 
or electric power); 7 is the dis- 
count or interest rate, and T 
the economic life (time horizon) 
of the system. The value of 
T used may depend in part 
upon whether and when it is 
expected that community sew- 
erage and sewage treatment 
will be introduced. 

C; = initial cost of installation of the 
soil absorption system, dollars. 

C, = present value of future costs of 
periodic repair or replacement 
of the soil absorption system; 
renewal cost, dollars. 


The initial cost of the absorption sys- 
tem, Cy, depends on a number of fac- 
tors including the effective soil-liquid 
interfacial area needed. In most in- 


stallations the cost per unit area de- 
creases as the size of the absorption 
For example at a 


system increases. 


2 


TABLE II.—Variation of Initial Cost with 
Design Area 


Design Area (Aa) Cost (Cs) 

(sq ft) (3) 
0 33 
100 61 
200 
300 117 
100 145 
500 172 
600 200 
SOO 256 
1,000 311 
,200 367 


particular site and using a given type 
of device such as a seepage pit, the 
variation of Cs, with area might follow 
the schedule shown in Table II. 

Soil absorption systems costs vary 
over a wide range depending on the 
type of soil, the type of system, and 
the extent to which earth moving ma- 
chinery is used. However, it often 
happens that the cost schedule as a 
function of absorption area can be ap- 
proximated for practical purposes by 
a linear equation with terms for fixed 
and variable costs. That. is, 


= a + bA, (4) 


where 


a = fixed cost, dollars, 


b = cost per unit of area of absorp- 
tion surface, dollars per square 
foot. 


If earth moving machinery for digging 
trenches and beds or for boring pits 
is used, the ratio of b/a will tend to be 
low. If the system is constructed 
manually, b/a will tend to be high, 
particularly if the cost of labor and 
material (e.g., tile pipe, gravel, or rock 
fill) is high. A wide range of values 
of a and b, and the ratio, b/a, oecurs 
in different localities and with differ 
ent types of soil absorption systems. 

It is convenient to express the pres- 
ent value of future costs of periodic 
repair or replacement, C,, in terms of 
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the initial installation cost as 


Tit | 
(1+ 
(1 + 2)” 
where 
t = the useful life of the system in 


years, the length of the interval 
between successive replacements 
or repairs, or renewal period. 


8 = a factor that takes into account 
the possibility that repair costs 
may be less than initial costs 
(— 1 <8 <0), or that replace- 
ment costs may be greater than 
the initial costs (8 > 0). If 
replacement (or repair) costs 
equal the initial cost, then 6 = 
0. The usual situation is that 
renewal costs exceed initial costs 
(disturbance of lawns and gar- 
dens, difficulty of access, etc.). 
However, if the reduction of the 
cost of renewal is explicitly made 
a design objective, it may be real- 
istic to predicate 6-values less 
than zero. 


The total cost of the absorption field 
may be formulated from Equations 3, 4, 
and 5 as follows: 


Cr=C34+C, 


or 


| bfaPat- K 


alia 


Cr =a 


where 


e = 2.7183, the base of Napierian 
logarithms, 


k = log, (1 + 72), the instantaneous 
discount (interest) rate, and 


K = (1+ 8) (1 — e*?). 


In obtaining Equation 6 the series of 
terms appearing in equation 5 has been 
replaced by a single term representing 
their sum in accordance with the well 
known formulation for the sum of a 
geometric series of finite length. By 
substituting increasing values of ¢ of 
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1, 2, ete., in Equation 6 with given 
values of the other parameters, it will 
be found that Cp will be large for 
low values of ¢ indicating the excessive 
cost of overfrequent renewal. With 
high values of t, Cy will become large 
as a result of a high initial cost, Cs, 
that is uneconomic in that it involves 
investment in soil absorption capacity 
that will not be used for many years. 
Between these two extremes there ex- 
ists an optimum renewal time that 
minimizes the cost of the soil absorp- 
tion system. If the design is based on 
this optimum renewal time, ty, the 
maximum economic efficiency will be 
achieved. As will be discussed in the 
next section other factors in addition 
to economie considerations may affect 
the design. However, it is worthwhile 
now to examine the implications of the 
economic efficiency model of Equation 
6 by means of numerical examples. 


Example 1 


Given the following data: fp =6 
equivalent persons, 7 = 0.03 (discount 
rate), =25 yr (economic life), L 
= 0.16 person-yr/sq ft (soil load- 
ing parameter), a = $33.33 (fixed cost 
of soil absorption system), b = $0.278/ 
sq ft (unit cost of the soil absorp- 
tion area), and B=1.0 (renewal 
cost /initial cost = 2). Find the design 
period fj, corresponding to the mini- 
mum cost. The computation indicates 
that the cost of the absorption system 
is minimized if a design renewal life of 
approximately 15 years is used (Table 
III). At this optimum life the over-all 
cost including future renewal costs is 
2.87 times the initial installation cost. 
It may be noted that the total cost be- 
comes excessively large if design pe- 
riods of less than 5 years are used. 

The assumption of a linear relation 
between the initial installa- 
tion and the absorption as in Equation 
4 is not at all essential in the analysis. 
Any functional relation may be used. 


cost of 


In fact, it is not necessary to formu- 
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TABLE III.—Cost Computations for 
Absorption System 


189.66 
241.78 
293.89 
346.00 
398.11 
450.22 


late the installation cost, Cs, as a fune- 
tion of area. The optimum design 
period may be caleulated by multiply- 
ing the initial cost of absorption sys- 
tems of various sizes by the factor 


K 
Cr/C3 = 
(l +2)! 


i+! 


The time period corresponding to the 
minimum product is the optimum de- 
sign life. he linear relation of Equa- 
tion 4 is useful in that it accords with 
cost data for many situations for which 
it is possible to separate fixed and 
variable costs. The ratio b/a varies 
widely depending on the type of sys- 
tem and extent to which earth-moving 
machinery is used. An examination 
of the first derivative of Cp» with re- 
spect to time, dCp/dt, obtained from 
Equation 6 indicates that when b (vari- 
able cost) is large and a (fixed eost) 
is small. tf, will be small. On the other 
hand if variable costs are low and 
fixed costs high, large values of ft, 
will be economical. The mathematical 
model also indicates that long design 
periods are optimal when f and P are 
small and B, and T are large. 
Longer design periods are usually eco- 
nomical when the discount rate is low. 
An examination of the second deriva- 
tive of Cy with respect to time, 
dC, /dt®?, obtained from Equation 6 
indicates that if the quantity bfP/aL 


|| 
t | Cs Cr 
(yr) ($) Cris ($) 
| 33.33 | - 
1 | 43.75 | 35.83 | 1,568 
Ra: 2 | 5417 | 18.16 | 984 
5 85.44 | 7.56 | 646 
? 10 137.55 4.04 | 555 
15 2.87 | 545 
20 2.30 555 
25 1.96 | 575 
30 599 
: 35 158 | 627 ; 
40 | 146 | 658 


is large the minimum cost is well de- 
fined particularly in designs having 
low values of ty, i.e., there is a pro- 
nounced curvature of the cost vs. time 
function in the vicinity of the min- 
imum cost point. On the other hand 
if the quantity bfP/aL is small, say 
less than 0.1, the minimum cost is 
poorly defined and all values of ¢ 
larger than 5 or 10 years yield about 
the same value of Cp. 

The determination of the optimum 
design period may be speeded by the 
use of a graph. In Equation 6 if the 
first derivative of Cy with respect to 
time is set equal to zero, the resulting 
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equation may be written in the form, 


kaL/bfP = — 1)? e*t 
— — I)... 


For a fixed value of kt, Equation 7 
indicates a linear relationship between 
kaL/bfP and 1/K. This relation is 
shown in Figures 1 and 2. For any 
given set values of the parameters a, 
b, L, f, P, B, 1, and T, there exists a 
particular corresponding point on the 
graph; the coordinates of this point 
may be computed and the optimum 
value of kt, read from the family of 
straight lines. Thus for the first ex- 
ample the abscissa of the point for 
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FIGURE 1.—Graphical representation of optimum design life. 
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FIGURE 2.—Graphical representation of optimum design life for slightly 
different variable ranges than shown in Figure 1. 


optimum design is 1.045" 
0.96, and the ordinate is kaL/bfP = 
(0.0296) (33.3) (0.16) /(0.278) (6) 
0.095. From Figure 2 the value of 
kta is read as 0.42 and the optimum 
design life tg is therefore 0.42/0.0296 
or about 15 years. 


Example 2 


The effect of variation of the indi- 
vidual parameters of the mathematical 
model is indicated in Table [IV which 
presents results of computations simi- 
lar to that of Example 1 for 18 cases. 
A broad spectrum of optimum design 
periods oceurs in the results. These 
range from 3.5 years in Case 12, which 
represents an installation in a poor 
soil, with a relatively low renewal cost 


and a high rate of discount, to a maxi- 
mum of 40 years in Case 7, which 
represents an installation in good soil, 
with a relatively high renewal cost, 
and a low discount rate. It is manifest 
from these calculations that an ‘‘across 
the board’’ criterion of a fixed 20-yr 
design life for all systems as currently 
employed in some regions may be un- 
economical and unjustifiable. 

The examples of Table LV indicate 
the important effect of the renewal cost 
coefficient, 8 (as reflected in the param- 
eter K), on the total cost and the re- 
newal period. It would appear that 
serious consideration should be given 
in the original design of absorption 
systems (location, accessibility, and 
layout) to easing the work of repair 
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or revamping so as to reduee B and 
the total cost of the system. One tech- 
nical possibility that would appear to 
merit investigation is the use of re- 
movable filter between the 
effluent and the soil and which would 
function to protect the latter against 


clogging. Conceivably these filter see- 


sections 


tions could be expendable and replaced 
from time to could be 


removed, cleaned, and restored to servy- 


time; or they 
ice. Either possibility could in prin- 
ciple eliminate the necessity of heavy 
and expensive reconstruction. 


Example 3 


The previous examples pertained to 
the design of absorption systems only. 
In these it was assumed that 
of the treatment unit (septic tank or 
other device) was fixed and so did not 
affect the optimum design of absorp- 
tion system. In 
different 


the eost 


this example three 


types of sewage treatment- 


TABLE IV.—Summary of Results of Compu- 
tations for Design Life for Eighteen Cases 


1 0.1 0.5 0.03 15 158 
2 0.3 0.5 0.03 4a 326 
5 1.0 0.5 0.08 5 826 

0.1 1.0 0.038 22.5 222 

5 0.3 1.0 0.03 15 512 
6 1.0 1.0 0.03 7.5 1,422 
2.0 0.03 10) 314 
8 0.3 2.0 0.03 27.5 800 
q 1.0 2.0 0.03 20 2,432 
10 0.1 0.5 0.06 10 108 
11 0.3 0.5 0.06 5 206 
iZ2 | 1.0 0.5 0.06 3.5 {Rv 
| 0.1 1.0 0.06 15 142 

| 03 1.0 0.06 10 302 

15 1.0 1.0 0.06 5 TOO 
i6 | O1 2.0 0.06 | 25 188 
17 0.3 2.0 0.06 17.5 $44 

Is 1.0 2.0 0.06 12.5 290 

*0.1 = good, 0.3 = avg, and 1.0 = poor. 

f Assuming as in Example 1, a = $33.33 


and b = $0.278/sq ft. 
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TABLE V.—Cost Assumptions for Total Cost 
Analysis of Three Systems Using Poor Soil 


Installed Cost Operation Cost 
$) 


System 


350 201* 
700 
3 10224 


* Cleaned at 3-yr intervals, $35 per cleaning. 

$25/yr for electric power plus $10/yr for 
maintenance and inspection. 

t Total cost obtained from equation 6. 
disposal systems are compared. Sys- 
tem 1 includes a septie tank, system 
2 an aerobic treatment unit, and sys- 
tem 3 a cesspool. In all three systems 
a seepage pit soil absorption system is 
used for ultimate disposal for which 
the following design data are assumed : 
a = $33.33, b = $0.278/sq ft, L = 0.05 
(rather poor soil), P = 6 persons, B = 
1.0, 1 = 0.05, and T = 50 years. 

Equivalent load factors for effluent 
of treatment units are assumed * to be, 
f = 1.0 for the septie tank, System 1; 
f = 0.333 for the aerobic treatment de- 
vice, System 2; and f= 3.0 for the 
cesspool, System 3. Analyses of the 
present value of costs of the three types 
of treatment-disposal systems in ac- 
cordance with the equations 3 and 6 
reveal that (a) for system 1 (septic 
tank plus seepage pit) the total cost 
is $1,981, (b) for system 2 (aerobic 
treatment device plus seepage pit) the 
total cost is $1,876, and (c¢) for system 
total is $4,022. 


3 (cesspool the cost 


These costs include the assumptions 
given in Table V. 
These results together with similar 


computations for soils L = 0.16 (aver- 
age soil) and L = 0.48 (good soil) are 
presented in Table VI. 
With the hypothetical cost and load- 
* The 


the aerobic 


f-values used for the cesspool and 


treatment device in this hypo 
thetical example are based on a few seattered 
field observations and laboratory tests. How- 
altogether insufficient to 
establish average or typical values for the 
loading parameter f. 


ever, these data are 


Therefore, this example 
merely exhibits the method of application of 
the formulation; it does not yield valid cost 
comparisons based on firmly established ex 
perimental data. 
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Hypothetical Cost Comparisons of Three Different Systems of Treatment- 


Disposal Installations in Three Types of Soil 


Poor Soil 
L =0.05 


System 


1 (Septic tank + seep- 
age pit) 

2 (Aerobic treatment — | 
device + seepage pit) | 

3 (Cesspool) | 


ing data assumed in the examples 
shown in Table VI the septic tank 
system is the least expensive installa- 
tion for the average soil. In this soil 
a system using a suitable aerobic treat- 
ment device would be competitive with 
the septic tank system if the cost of 
the treatment device could be reduced 
by $300.00. In the good soil range 
the cesspool is considerably more eco- 
nomical than the other systems, but in 
poor soil its cost becomes excessive. In 
the poor soil range the aerobie treat- 
ment device appears to offer economies ; 
these, however, must be regarded only 
as possibilities pending experimental 
determination of the filterability of 
the aerobic effluent. It is pertinent to 
note that the design life of the absorp- 
tion system increases as the soil con- 
dition improves and as the organie load 

in this example as reflected by the 
factor f—decreases. 

Example 8 indicates the method by 
which the mathematical model may be 
guide to selection of the 
proper type of system. The particular 
rankings of types of systems based on 
cost as obtained in this example may 
be altered when different sets of de- 
sign parameters are used. Since the 
aerobie treatment systems may prove 
to be less expensive than the conven- 
tional septic tank system under certain 
conditions, research is needed to es- 
tablish appropriate values of the load- 
ing coefficient f for these systems. 

It is believed that the current pro- 
scription of the cesspool in some juris- 


used as a 


Average Soil 
L 1.16 


508 | 1,059 | 


212 


1,348 


1,351 
1,348 


dictions should be reexamined. This 
device in principle can function satis- 
factorily in a fairly wide range of soil 
types if adequate depth is available. 
The prejudice against the cesspool de- 
rives in part from a history of unsatis- 
factory results experienced in the past 
with improperly designed installations 
in unsuitable soils and subsoil forma- 
tions. Some regulatory codes reflect 
apprehension regarding the pollution 
and contamination of ground water by 
cesspools. Recent investigations of bac- 
teria die-away and self-purification in 
ground water flow have shown such ap- 
prehension to be unwarranted under 
many conditions. There are, to be 
sure, certain formations (creviced 
rock, ete.) where a cesspool installation 
could be dangerous. 

It would appear that modern experi- 
ence with the construction and opera- 
tion of seepage pits and seepage 
trenches and a better understanding of 
the mechanism of soil absorption and 
of the economics of renewal could be 
applied to the cesspool so as to rein- 
state it as a respectable treatment de- 
vice useful in defined situations. 


Administration and Public 
Health Aspects 


From the standpoint of a_ public 
health regulatory organization the eco- 
nomic analysis of the preceding sec- 
tion, which is concerned with the cost 
to the builder and ultimately to the 
householder, must be elaborated to 


= 
L =0.48 
— 
ta = | Cr ta 
(yr) ($s) | (yr) | | | | 
12.5 | 20 1,981 | 17.5 | 27.5 | 212 | 762 
; 17.5 | 536 | 1,876 | 27.5 | = 37.5 | 104 | 1,192 
7.5 | 4022 | 4,022 | 12.5 | | 17.5 | 508 | 508 


take into consideration the costs of ad- 
ministration, inspection, and enforee- 
ment pertaining to individual house- 
hold sewage disposal systems. 

It is worthwhile to direct the atten- 
tion of American sanitary engineers to 
practice in other nations such as 
Switzerland and Sweden where admin- 
istrative patterns have developed which 
place heavy reliance on the efficacy of 
systematic, detailed, and periodic in- 
spections of household disposal sys- 
tems, together with long-accepted, effi- 
cient, and orderly legal processes for 
enforcement. Inexpensive tank clean- 
ing and system maintenance are pro- 
vided by service organizations that are 
a part of (or licensed by) the local 
departments of public works. These 
practices, of course, entail greater gov- 
ernmental expenditure but in many 
communities they have been found to 
be more economical than the extension 
of the water carriage system to areas 
of low population density. 

From the health viewpoint it is 
recognized that during the interval be- 
tween the time of failure and time of 
repair of a system there is apt to be 
a health hazard to the community. In 
the long-run the level of hazard from 
malfunctioning systems depends on (a) 
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the renewal periods of the systems, (b) 
the length of the time between system 
failure and repair, (c) the population 
density, and (d) the quantity, quality, 
and ultimate fate of effluent discharged 
on the surface. 

The decisive consideration in the 
control of administrative costs and 
health hazards resides in policy re- 
lating to renewal period. While data 
needed to make a complete quantitative 
analysis of costs and benefits are lack- 
ing, a limited extension of the theo- 
retical model is helpful in elucidating 
the problems of health departments in 
setting and administering regulatory 
codes pertaining to household sewage 
disposal. This extension is also useful 
in carrying out detailed cost analyses 
to establish the boundary zone between 
the utility of community sewerage and 
that of individual household sewage 
disposal systems. 

The budgetary cost of administra- 
tion, inspection, and regulation en- 
forcement of individual systems which 
is ultimately reflected in tax rates, may 
be conceived of as a more or less fixed 
cost plus a variable cost that depends 
on the frequency of inspection and of 
failure. In mathematical language the 
present value of governmental cost may 


FROM EQ. 6 
(CONSTRUCTION, OPERATION 
AND RENEWAL COSTS) 


t, RENEWAL PERIOD 


FIGURE 3.—Administrative cost as a function of the renewal period. 
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be formulated approximately as 


n T/j 1 


=nstor ® 


where the first term on the right repre- 
sents the fixed cost of administration 
of n installations in the jurisdiction 
including initial inspection, and the 
second term represents costs of pe- 
riodie inspection which depend on the 
duration of the renewal periods; cs is 
the unit average cost of inspection of 
individual installations and it may in- 
clude the cost of soil testing. The 
values of the discount rate i and the 
economic time horizon T used in gov- 
ernmental cost analyses are not neces- 
sarily the same as those predicated 
in the cost analysis for construction 
and operation (Equation 3). 

The administrative cost of an indi- 
vidual system with a renewal period 
of t years may be expressed as 


Cg = Cs + e5K’/(e* — 1)... (9) 


where 
K' = 1 


This cost is shown diagrammatically in 
Figure 3 as a function of the renewal 
period. 

The remaining element to be consid- 
ered in the over-all benefit-cost analy- 
ses of individual household disposal 
systems is the residual public health 
hazard that exists even with a set of 
well designed and properly adminis- 
tered installations. Such residual 
health hazard also obtains in com- 
munities with sewerage and sewage 
treatment as a result of failures, acei- 
dents, and human errors, and also of 
small but finite risks inherent in the 
design of all sanitary engineering 
works. The efficiency of treatment de- 
vices can be made only to approach 
but not to attain perfection. In both 
the water carriage and _ individual 
household disposal systems these 
residual health hazards may be made 
negligible at a price. In the ease of 
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the individual system, the residual 
health risk is closely associated with 
the length of the renewal period in- 
corporated in the design. Health haz- 
ards are approximately proportional to 
the frequency and duration of failures. 
By designing for long renewal periods 
and by maintaining an adequate pro- 
gram of administrative control, the 
frequency and duration of failures can 
be made low. However, this is done 
at the expense of increased investment 
and tax rates. In principle the re- 
sidual health hazard may be included 
in the cost analysis by adding a term 
to the right hand side of Equation 6 
of the form 


C l 
=C 
Cu 


= — 1).. (10) 


where ¢¢ is the average damage per fail- 
ure (in dollars). This term, which 
decreases with increasing renewal pe- 
riods, is shown in Figure 3. Alter- 
nately, it could be regarded as a nega- 
tive benefit associated with the failure 
frequency corresponding to the stated 
design renewal period. 

When the costs of administration 
and residual health hazard are com- 
bined with the costs of construction 
and operation, the over-all cost of 
the individual household disposal sys- 
tem from Equations 3, 6, 8, and 10 
may be formulated as 


+(a+ 
K ( 
+1) + 


The inclusion of administrative and 
residual health hazard cost places a 
premium on longer design renewal pe- 


. (11) 


riods. The effect is the same as in- 
creasing the value of the parameter a 
in Equation 6 and in the graphical 
method of determining the optimum 
design period (Figures 1 and 2). In 
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CONSTRUCTION NOT FEASIBLE 


[_ PERMISSIBLE DESIGN PERIOD 


[a 


communities where an estimate of the 
average administrative cost per inspec- 
tion may be made, the term @ in equa- 
tion 6 should be replaced by the com- 
bined term, a+ c¢;. With this substi- 
tution the design will be adjusted ap- 
proximately to take into account gov- 
ernmental Since at 
there is generally not a_ sufficient 
amount of information available to 
establish c; and cg quantitatively with 
a satisfactory degree of precision, a 
practical method for taking into ae- 
count administrative and health costs 
and controlling them within reasonable 
limits would appear to be the estab- 
lishment by health regulatory organi- 


costs. present 


zations of a minimum permissible de- 
sign renewal period. Such a limiting 
value is indicated schematically in Fig- 
ure 4 by the intersection of the verti- 
cal dashed line AA’ and the horizontal 
time axis. With this constraint an 
optimal renewal period minimizing the 
over-all cost of construction, operation, 
and renewal (Equation 6) would be 
used in actual design if and only if it 
exceeded the minimum permissible 
value. Otherwise the latter would be 
used in the design. 


| t, RENEWAL PERIOD 


FIGURE 4.—Design curves showing minimum permissible design period. 


Another constraint upon the use in 
design of the ¢-value minimizing Cy in 
Equation 6 arises from the practical 
consideration that the theoretical opti- 
mum renewal period may entail an 
initial cost that exceeds the financial 
resources of the builder or a total cost 
This 
constraint is shown diagrammatically 
on Figure 4 by the horizontal dashed 
line BB’. If the cost eurve falls en- 
tirely above this constraint line, as it 
may with poor soils or otherwise un- 
favorable factors, then the site would 
not be used. 


that is excessive for the owner. 


With these constraints and adjust- 
ments the economic model of Equation 
6 may be employed for system design. 
Optimal values of tg obtained by the 
graphical method would be employed 
if the coordinates, tg and Cp, fall in 
the quadrant of Figure 4 to the right 
of line AA’ and below the line BB’. 
Otherwise the minimum permissible de- 
sign period as established by the health 
organizations having jurisdiction would 
be used in setting the design and in 
investigating the 
struction. 


feasibility of con- 
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Recommended Research 


Applicability of Present Microbiologi- 
cal Quality Standards 


In planning a research program to 
advance the technology of individual 
household sewage disposal systems the 
question arises as to whether the de- 
sign objectives in use at the present 
time for municipal sewage disposal re- 
tain validity for contemporary condi- 
tions of life in metropolitan fringe 
areas. These design objectives stipu- 
late (a) that the disposal method be 
such as to remove completely the sew- 
age or effluent from the human environ- 
ment (e.g., absorption into the sub- 
soil); or that (b) the treatment 
method be sufficiently thorough to 
maintain all receiving waters accessi- 
ble to humans at a quality comparable 
to that stipulated in regulatory codes 
for bathing and recreation waters. 
Professional opinion is not unanimous 
as to the applicability of these design 
objectives in areas of relatively low 
population density, and it is pertinent 
to discuss briefly some of the issues. 

Good municipal drainage has been 
a prerequisite for healthy urban life 
since the time of the early city-states 
of Mesopotamia. One of the principal 
achievements of the sanitary revolu- 
tion of the nineteenth century was the 
renascence and elaboration of the 
water-carriage system for the disposal 
of municipal sewage. The main chan- 
nels of sanitary engineering endeavor 
in the present century have been di- 
rected toward improving and extend- 
ing its utility. As a result of this 
effort, a remarkable reduction has oe- 
curred in the incidence of water-borne 
disease. Sanitary engineers are justly 
proud of this achievement. Coneomi- 
tantly there is a propensity to regard 
community sewerage as being an al- 
most indispensable feature of satis- 
factory liquid waste disposal schemes. 
Many engineers have serious doubts as 
to the validity of any trend to depart 
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from the community water-carriage 
system. Ilistorically, there have been 
many instances of failure of alternate 
schemes that have resulted from tech- 
nieal flaws and administrative diffi- 
culties. There is general professional 
agreement that the best direction for 
development of all urban and most 
suburban areas lies in the extension of 
the water-carriage system. 

Some engineers and administrators, 
while not questioning the utility of 
community sewerage in areas of high 
population density, believe that there 
are and will be many exurban zones 
and diffuse fringe areas where the 
population density will be low for 
many years, and that rather than to 
insist On sewerage for these areas it 
is incumbent on the sanitary engineer- 
ing profession to develop for them an 
improved technology to meet the re- 
quirements of safe sanitation practice. 
The principal issue here is whether or 
not the criteria for safe practice that 
have been evolved for sewerage sys- 
tems in urban areas apply with equal 
force to areas with somewhat different 
environmental conditions. 

Questions have been raised as to the 
degree of on-lot treatment needed and 
as to the relative safety of various 
schemes for ultimate disposal. It has 
been pointed out that most of the eur- 
rently used microbiological standards 
of effluent and stream water quality 
were formulated in the first two or 
three decades of the present century 
when mortality and morbidity rates 
from water-borne disease were much 
higher and the arts of water treatment 
and disinfection were less advanced. 
It is true that quality standards such 
as those pertaining to coliform density, 
which were formulated then and have 
persisted with little change to the pres- 
ent time, were not in fact determined 
by calculations involving hazards of 
disease transmission, but were rather 
fixed on an ‘‘after the fact’’ basis fol- 
lowing the demonstration of what early 
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water and sewage plants could achieve 
both in terms of effluent quality and 
reduction of disease. Furthermore, it 
has been noted that sewage now Is less 
infective in and that 
modern medicine with its potent anti- 
biotics provides insurance against the 
outbreak of explosive epidemics of 
several diseases that formerly occurred. 
Some have argued from these premises 
that current quality standards can 
safely be relaxed for application in 
fringe areas. 

On the other hand, many public 
health workers are concerned with the 
increasing incidence of hepatitis and 
the possible danger of other enteric 
virus infections. They believe that 
further epidemiological research may 
well indicate that effluent and stream 
quality standards should be made more 
stringent in the future. Moreover, it 
should be pointed out that although 
the infectivity of domestic sewage and 
treatment plant effluents has decreased 
with the reduction of water- 
borne diseases, there has been a con- 
comitant reduction in the natural im- 
munity of the population these 
that if sanitation safe- 
guards were relaxed the hazard could 
be even greater than it was formerly. 

An undisputed fundamental design 
objective in all treatment and dis- 
posal systems is continuity of opera- 
tion and efficiency. In this connection 
there is some divergence of engineer- 
ing opinion in the development of indi- 
vidual household sewage treatment sys- 


some respects 


certain 


for 
diseases, sO 


tems as to how much reliance may be 
placed on mechanized components of 
treatment devices. It is true that 
radical changes have occurred as the 
result of mechanization in transporta- 
tion, food-processing, and construction. 
There has been a universal acceptance 
of mechanically successful household 
devices such as the automatie washer, 
the refrigerator, the food waste grinder, 
and the power lawn mower. On the 
other hand, in many communities there 
has been a poor record of maintenance 
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of household sewage disposal devices 
not having mechanieal components. 
Proper long-term maintenance would 
become even if mecha- 
nized devices were generally adopted. 
the validity of the 
analogy to other technical arts it must 
be emphasized that mechanization in 
these has been predicated on the simul- 
taneous development of efficient, re- 
liable, and economical repair and main- 
tenance services. Since the repair and 
maintenance of pumps, compressors, 
and motors transcends the ability of 
the average householder, effective serv- 
icing is a sine qua non for the admis- 
sion of mechanized on-lot treatment 
devices. 


more essential 


In considering 


In consideration of the hygienic and 
economic significance of safe sewage 
disposal in fringe area communities, it 
is of national importance that an in- 
tensive effort be made to obtain engi- 
neering and epidemiological data per- 
taining to health hazards associated 
with various systems of household and 
community sewage disposal. 

Investigations of the degree of per- 
sistence of water-borne pathogenic mi- 
crobes in passage through treatment 
plants, and their survival in water- 
ways and on land surfaces are difficult, 


expensive, and often inconclusive. 
Carefully programmed research de- 


mands the utmost skill in analytical 
techniques and intelligence in statisti- 
eal interpretation. Field studies, pilot, 
and laboratory tests of new or modified 
treatment and disposal sys- 
tems require intricate experimental de- 
sign and meticulous execution over 
long periods of time. However, it is 
only through such directed research 
that rational and definitive quality 
standards and design objectives can 
be set. 

The principal 
report are: 


devices 


of this 
that an intensive re- 
search and development program to 
advance the technology of sewage dis- 
posal for metropolitan fringe areas is 
needed; and until such time as 


conclusions 
(a) 


(b) 
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the results of this program have be- 
come firmly established, conservative, 
time-proven sanitation objectives should 
be rigorously maintained in these areas. 


List of Research Projects 


1. Continued development of new 
and modified on-lot treatment methods. 


(a) Optimal size, shape, and com- 
partmentation for aerobie deposition- 
digestion units and anaerobic contact 
units. Possible use of an upward-flow 
arrangement. Determination of the 
utility of (a) heating and (b) me- 
chanical mixing in the sludge storage 
zone. 

(b) Optimal size, shape, baffling, 


and compartmentation for aerobic 
stabilization-sludge return units. A 


strong effort should be made to de- 
velop designs that minimize hydraulic 
short-cireuiting. 

(ec) Detailed information relating 
to the physical, chemical, and micro- 
biological characteristics of the ef- 
fluent of aerobic and anaerobic treat- 
ment devices operated under a wide 
range of loading, operating, and cli- 
matie conditions. 

(d) Reliable data pertaining to 
long-term operation and maintenance 
costs of aerobic and anaerobic treat- 
ment systems. Determination of the 
proper operating cycle for the aeration 
mechanism for various conditions of 
loading. 

(e) New or modified construction 
materials for tanks and appurtenances 
for greater economy and longer life. 

(f) Designs for tanks and ap- 
purtenances to facilitate inspection, 
cleaning, and repair. 


2. Development of a practicable in- 
dividual household disinfee- 
tion (oxidizing chemicals automatically 
dosed or 


sewage 


possibly generated by elec- 
trolytic decomposition of sewage and 
brine; pasteurization is a_ possibility, 
perhaps coupled with heat treatment to 
speed stabilization). 
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3. Quantitative assessment of fac- 
tors governing the self-purification of 
polluted ground water and the per- 
sistence of ground-water contamina- 
tion. Particular attention to the fate 
of synthetie detergents discharged into 
ground-water strata. 

4. Evaluation of the amount of 
evaporation and transpiration occur- 
ring in various types of soil absorption 
systems under different climatie con- 
ditions. Investigation of methods and 
designs to speed evaporation. 

5. Fundamental investigation of the 
soil clogging process in absorption 


fields. 


(a) Comparison of clogging rates 
with various types of effluents (aerobic, 
anaerobic, filtered, unfiltered, ete.). 

(b) Effect of geometry of absorp- 
tion system (e.g., pits vs. trenches) on 
clogging rate. Relative uptake rates 
on horizontal vs. vertical soil surfaces. 

(ec) Effect of soil characteristics 
(particle size distribution, porosity, 
permeability, ete.) on clogging rate. 

(d) Influence of ventilation on 
clogging process. 

(e) Influence on clogging rate of 
additional stabilization of effluents in 
storage zone of leaching devices (effect 
of gravel fill and other contact media 
on stabilization rate). 

(f) Effect of diurnal alternate 
wetting and drying of soil-liquid inter- 
face on effluent uptake capacity of soil 
for effluents. 

(g) Effect of temperature, pH, 
and sunlight on soil uptake rates. 


6. Practical design of absorption 
fields (based on results of Item 5). 


(a) Optimal shape of absorption 


fields (hydraulie radius, length of 


shore-line, ete., as discussed earlier in 
the report) as determined by existing 
soil and subsoil conditions in the field. 

(b) Relative merits of serial vs. 
parallel dosing of leaching devices with 
more than one trench or pit. 


| 
; 


(ec) Advantage, if any, pertaining 
to intermittent dosing with weekly, 
monthly, yearly, ete., cycles. 

(d) Utility of gravel packing and 
lining in leaching devices. 


7. Practical methods for predicting 
soil absorption capacity for use in de- 
sign. 

8. Practical techniques for restoring 
permeability of absorption systems. 


(a) Cleaning of interface and 
clogged zone of soil (mechanical, chem- 
ical), 

(b) Expendable filter sections in 
pits and trenches to protect interface. 
Removable sections that ean be cleaned 
and replaced. 


9. Systematie analysis of costs of 
effluent leaching devices. 


(a) New construction 


(1) Fixed costs, (2) size-de- 
pendent costs. 


(b) Revamping 


(1) Fixed costs, (2) size-de- 
pendent costs. 


10. Determination of costs of in- 
spection and soil testing. 

11. Delineation of utility of sand 
filters and stabilization ponds (covered 
and uncovered) to provide final treat- 
ment prior to discharge of effluent on 
ground surface. 
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SEWER MAINTENANCE MANUAL DUE SOON 


Federation Manual of Practice No. 7, ‘‘Sewer Maintenance,’’ the result 
of work by the Subcommittee on Sewer Maintenance with T. W. Clapham 
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Final publication is 


Watch the Journal for further announcements. 


This manual will contain approximately 70 pages of well-illustrated 
and documented information on sewer maintenance. 
Orders are now being accepted in the Federation office at the members’ 


price of $1.00, or non-members’ at $1.50. 
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See page 76a for details of 
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BOD VELOCITY CONSTANT OF BOSTON-SOUTH 
METROPOLITAN SEWAGE 


By ANbREW P. FIsiICHELLI AND VINCENT A, PALOMBO 


In Charge of Laboratory and Senior Chemist, Nut Island Sewage Treatment Plant, 


Metropolitan District Commission, Quincy, Mass. 


The value of the velocity or reaction- 
rate constant K* used in the first-order 
formula for the BOD reaction gener- 
ally has been questioned in the litera- 
ture. The original work of Phelps (1) 
in connection with relative stability 
resulted in the establishment of a K 
value of 0.1 for Boston and Washing- 
ton sewages which has withstood the 
test of the years in value, use, and 
understanding. In recent years, how- 
ever, it has been suggested that 
Phelps’ value of 0.1 should be revised 
to be in keeping with present-day sew- 
ages. 

Williams ) in 1951, during his 
investigation of Minneapolis-St. Paul 
sewage, outlined a method for the es- 
tablishment of K values by plotting 
(a) the ratio of the percentage of the 
ultimate BOD satisfied in 3 and 5 days 
against (b) the K value substituted 
in the BOD equation used to compute 
The plot 


(9) 


these very percentage values. 


TABLE I.—Data Used in Establishing 


Figure 1 
K 
Value 
0.050 
0.075 
0.100 
0.125 
0.150 
O.175 
0.200 
0.225 
0.250 
0.275 
0.300 
0.325 
0.350 


tatio of 3-Day to 
5-Day BOD 
0.669 
0.699 
0.730 
0.758 
0.785 
0.810 
0.832 
0.853 
0.871 
0.887 
L903 
0.916 
0.928 


*To the base 10. 
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forms from which K values 
ean be read by simply entering the 
graph with the ratio of the actual 3- 
day to 5-day BOD. In brief, the work 
of Williams was repeated for the de- 
termination of present-day K values 
on typical Boston-South Metropolitan 
sewage entering the Nut 
age treatment plant. 
a combined 


a curve 


Island sew- 
The flow is from 
serving 18 eities 
and towns including many small di- 
versified industries and at an 
annual average rate of 125 mgd, with 
seasonal flows ranging from 100 to 
200 mgd. The flow undergoes primary 
treatment before to the 
ocean. 


system 


is 


discharge 


Procedure 

Establishment of Curve 
The data used in constructing the 
velocity-constant graph (Figure 1) are 
listed in Table I. They were computed 
by substituting different values of K 


° ° ° ° 
2 
8 


Ratio of 3-day to 5-day BOD 


3 


FIGURE 1.—K values for various ratios of 
the 3-day to 5-day BOD. 
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in the relationship: 


1 — 10-* 
(1) 


where yz; and y; are the 3-day and 5- 
day BOD, respectively. 


Observed K Values 


A total of 170 24-hr composite sam- 
ples (85 raw sewages and 85 primary 
effluents) were collected and analyzed 
for their 3- and 5-day BOD according 
to ‘‘Standard Methods’’ (3). Colleet- 
ing and testing took about one year. 
Sampling, however, was confined to 
those periods during which prechlori- 
nation was not employed. The K 
values were read from Figure 1 after 
the ratios of the 3- to 5-day BOD were 
computed. 

Table II shows the 
served K values for 
samples in order of 


grouping of ob- 
all raw sewage 
magnitude and 


0.30 


x fe 
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TABLE II.—Grouping of All Raw 
Sewage Samples 


K Value 


(0.040-0.059 ) 
(0.060—-0.079) 
(0.080—0.099 ) 
(0.100-0.119) 


3 (0.120-0.139) 


(0.140-0.159) 
(0.160-0.179) 
(0.180-0.199) 
(0.200-0.219) 
(0.220-0.239) 
(0.240-0.259) 


7 (0.260-0.279) 
(0.280-).299) 


No. of 


Obser- 
vations 
| 


frequency. 


Figure 2 
data from 


All flows 


Table II. 


Cumula- 
tive No. of 
Observa- 

tions 


x 0 
Excessive flows / 


eliminated 


x 


10 


20 30 4050 60 70 80 


99 


Per cent of observations equal to or less than 
stated magnitude 
FIGURE 2.—Probability plot of K values for raw sewage. 


Per Cent 

ofa +1 

Observa- 
tions 
5.8 
11.6 
25.6 
38.4 
45.2 
57.0 
68.6 
79.1 
88.4 
91.9 
95.3 
97.8 
98.8 


These values ranged from 
a low of 0.057 to a high of 0.285. 
is a probability plot of the 
The mean K 
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: 0.07 5 | 10 
0.09 2 | 22 
0.11 ll 33 | 
39 
0.15 | 10 49 
0.17 | 10 59 
0.19 9 | 68 
0.21 | | 76 
0.23 | 3 | 79 
: 0.25 = 
i | | 
0.2 1 | | 
va, 
0.25 
0.20 a 
xo 
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x 
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TABLE III.—Grouping of Normal-Flow 
Raw Sewage Samples 


Per Cent 
ofn +1 
Observa- 


Cumula- 
tive No. of 


Observa 


No. of 
Obser- 


vations 


tions tions 


0.05 
0.07 
0.09 
0.11 
0.13 
O.15 
0.17 
O19 
0.21 
0.23 
0.25 
0.27 
0.29 


(0.040 
(0.060 
(0.080 
(0.100: 
(O.120 
(0.140 
(0.160 
(0.180: 
(0.200 
(0.220 
(0.240 
(0.260 
(0.280 


0.059 
4).079 
0.099 
O.119 
0.139) 
0.159 
0.179) 
0.199 
0.219 
0.239) 
0.259 
().279 


value is seen to be 0.140, and the stand- 
ard deviation is + 0.066. Since the pe- 
riod testing necessarily included 
days of exceptional storm water flows, 
it was thought desirable to group K 


of 


0.30 


iL iL 
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TABLE IV.—Grouping of All Primary 
Effluent Samples 


No. of Cumula- | Per Cent 


Obser- 
vations 


tive No. of | of n + 1 
Observa- 
tions 


K Value 


| Observa- 
tions 


0.05 
0.07 
0.09 
0.11 
0.13 
0.15 
0.17 
0.19 
0.21 
0.23 
0.25 
0.27 
0.29 


(0.040 
(0.060 
(0.080 
(0.100 
(0.120 
(0.140 
(0.160 


0.059) 
0.079) 
0.099) 
0.119) 
0.139) 
0.159) 
0.179) 
(0. 180—0.199) 
(0.200—0.219) 
(0,220—0.239) 
(0.240—0.259) 
(0.260—0.279) 
(0.280-0).299) 


Ne 


co 


values for samples collected only on 
those days when the flow was no greater 
than 150 per cent of the current daily 
average (Table III). These ‘‘normal- 
flow’’ K values are also shown in Fig- 


Excessive flows 
eliminated 


iL i iL L i i 


5 0 


20 30 40 50 60 70 80 


90 99 


Per cent of observations equal to or less than 
stated magnitude 


FIGURE 3.—Probability plot of K values for primary effluent. 


K Value | | 
2 2 3.5 1 
2 7.0 8 10.5 
8 14.0 6 17.4 
is 6 14 24.6 7 25.6 : 
ane 18 31.6 9 36.0 
7 25 13.9 12 50.0 
oe 8 33 57.9 12 64.0 : 
7 10 70.2 | | 74.4 
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ure 2. The mean for these selected 
data was 0.160, with a standard devia- 
tion of + 0.060. 

Table IV groups the observed K 
values for all primary effluent samples 
in order of magnitude and frequency. 
These values ranged from a low of 
0.055 to a high of 0.290. As shown 
in Figure 3, the mean was 0.150 and 
the standard deviation, + 0.062. To 
complete the comparison between raw 
sewage and primary effluent, the group- 
ing in Table V excludes the K values 
for primary effluent samples taken at 
times of excessive storm water flows. 
Under these conditions, the mean value 
for K was 0.173, with a standard de- 
viation of + 0.060. 

The possibility of a significant dif- 
ference between A values for weekend 
and weekday flows was investigated 
and none was found. 


Discussion 


Inereases in K from the originally 
accepted 0.1 value have been cited in 
the literature. Ruchhoft et al. (4) and 
Ruchhoft (5) in 1948 observed velocity 
constants for sewage ranging from 
0.07 to 0.25 with means ranging from 
0.16 to 0.20. Rhame (6), by the use of 
the ‘‘two-point method,’’ observed K 
values for raw sewage ranging from 
0.108 to 0.413 with a mean of 0.209. 

For further evaluation, the compre- 
hensive review by Orford and Ingram 
(7) reveals that both K and the ulti- 
mate BOD, L, may vary widely ae- 
cording to the time of observation. 
They point out that K values for nor- 
mal domestic sewage vary from 0.25 
for a 3-day BOD to 0.11 for a 14-day 
BOD. It is noted that the raw sewage 
and primary effluent of the Nut Island 
sewage treatment plant (under eondi- 
tions of all flows) both have a mean 
velocity constant approximating 0.15. 
However, such similarity is not evi- 


denced by simultaneous 24-hr samples 
But 
since the interest is to determine a re- 


of either raw or treated sewage. 
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TABLE V.—Grouping of Normal-Flow 


K Value | Obser- 


| O va- | 
Per bserva. bserva 
} 


tions tions 


0.05 (0.040-0.059) 0 
0.07 (0.060-0.079) 
0.09 (0.080-0.099) 
O.11 (0.100-0.119) 
0.13 (0.120-0.139) | 
0.15 (0.140-0.159) 
0.17 (0.160-0.179) 
0.19 (0.180-0.199) 
0.21 (0.200-0.219) 
0.23 (0.220-0.239) | 
0.25 (0.240-0.259) | 
0.27 (0.260-0.279) | 
0.29 (0.280-0.299) | 


valuated statistical average, an 
all 0.15 value is significant. 

In his work at Minneapolis-St. Paul, 
Williams (2) observed an average K 
for raw sewage to be 0.161. If the 
data from samples collected during ex- 
ceptional storm water flows are ex- 
cluded, then the mean K for Boston 
raw sewage of 0.160 is close to the Min- 
neapolis-St. Paul figure. A_ similar 
comparison for primary effluents, using 
the data in which exceptional sturm 
flows are excluded, shows a K of 0.173 
for the Boston-Nut Island effluent as 
compared to 0.191 for Minneapolis-St. 
Paul. Such comparisons are justified 
since Williams obviously dealt with do- 
mestic sewage alone, and there was no 
mention of combined sewage flows. 

Although the K values for raw sew- 
age do range from 0.05 to 0.29, it is 
noted in Figure 2 that for all flows, 
75 per cent of the values are above 
0.10, and that 50 per cent of the values 
ean be expected to fall between 0.10 
and 0.18. Further, if excessive dilu- 
tion is to be excluded, then 85 per cent 
of the K values are above 0.10, and 
50 per cent can be expected to fall 
between 0.12 and 0.20. 

A similar comparison may be drawn 
from Figure 3 in which 80 per eent 
of the K values for all primary efflu- 
ents are above 0.10, and 50 per cent 


over- 


Primary Effiuent Samples 
| Cumula- | Per Cent 
tive No. of | of n +1 
5.3 
10.5 
21.1 
ie 21 | 36.8 
29 | 50.9 
36 | 63. 
43 75.4 
47 «| 825 
| 51 89.5 
d | 54 | 947 
56 | «(98.2 
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may be expected to fall between 0.11 
and 0.19. Excluding excessive dilu- 
tion, then 90 per cent of the values can 
be expected to be above 0.10 while 50 
per cent will be expected to be be- 
tween 0.13 and 0.21. 

With a K value of 0.15, 82.3 per cent 
of the ultimate BOD should be satis- 
fied in 5 days rather than 68.4 per cent 
with a K of 0.10. 


Summary 

Raw sewage entering the Nut Island 
sewage treatment plant has a mean K 
value of 0.140 under conditions of ‘‘all 
flow,’’ and a mean XK value of 0.160 
under conditions of ‘‘normal flow’’ 
(excluding days of excessive storm wa- 
ter dilution). Similarly, the primary 
effluent has a mean K value of 0.150 
under ‘‘all-fiow’’ conditions, and a 
mean K value of 0.173 under ‘‘normal- 
flow’’ conditions. 
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FEEDWELLS FOR DENSITY STABILIZATION 


By E. B. Fircu anp W. A. Lutz 


Director of Westport Laboratories and Manager, Process Engineering, Plant Design Division, 


This paper deals with the problem 
of density-current short-cireuiting in 
clarification basins. It will be shown 
how the tendency of new feed to 
plunge and stratify at the bottom of a 
basin may be utilized to minimize short- 
cireuiting. The design features neces- 
sary to bring about this stabilization 
of the flow pattern will be discussed. 
Finally, a feedwell highly effective for 
the purpose, one which embodies a new 
arrangement for distributing and still- 
ing the feed flow, will be presented. 


Density Currents and Density 
Stabilization 


As a suspension passes through a 
settling basin it loses settleable solids. 
Settleable solids are necessarily heavier 
than the suspending liquid, so by losing 
them the suspension becomes progres- 
sively lighter. Therefore, when new 
feed is introduced into a basin of par- 
tially clarified liquid it tends to plunge 
to the bottom as a ‘‘submerged water- 
fall’’ (1) and to spread out as a heavy 
density layer beneath the lighter su- 
pernatant. 


Density-Current Velocities 


Figure 1, which represents a longi- 
tudinal section of a basin, illustrates 


Dorr-Oliver Incorporated, Stamford, Conn. 


density stratification. New feed enters 
at a. Because it has a higher specific 
gravity than the supernatant in the 
basin, it sinks to the bottom and is 
deflected to form a ‘‘density current”’ 
from Db to e. 

When the new feed subsides from 
a to b, the system loses a certain amount 
of potential energy. Unless this en- 
ergy is dissipated against hydraulic 
losses, it must produce a current ve- 
locity, regardless of tank shape, which 
can be caleulated as follows: 


— 
d, 


or 


where 


v = current velocity, 

d,; = density of feed stream, 

d, = density of supernatant, 

d, = density of suspended solids, 

F = weight fraction of solids in 
suspension, and 

h = height through which current 
subsides. 


Table I shows the maximum veloci- 
ties which can be attained as a result 
of this subsidence, assuming that the 


— 


FIGURE 1.—Density currents in a conventional basin. 
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TABLE I.—Maximum Velocities of Density 
Currents Attributed to Solids 
Subsidence 


SS 


(mg/l) 
kh = 10 ft h = 20 ft 
10 0.06 0.09 
LOO 0.20 0.28 
1,000 0.64 0.90 
10,000 2.0 | 2.83 


solids have a density of 2.65 (silt) and 
the liquid, 1.0 (water). 

The density current so produced 
traverses the basin and is deflected up- 
ward at c¢ against the effluent wall. 
If the current loses neither solids nor 
velocity, the kinetic energy it retains 
at the effluent wall will be exactly 
sufficient to elevate it to the overflow 
weir. Of course the current does lose 
velocity in traversing the basin, but 
there are two factors which counteract 
the loss. 

First, the density decreases through 
loss of some of the suspended solids as 
the current traverses the basin. The 
kineties of flocculation reactions (2) 
(3) are such that the suspension is 
losing solids at the highest rate during 
the first part of the sedimentation time. 
Therefore, when the current arrives at 
c the density difference between it and 
the supernatant is greatly diminished. 
It now takes far less velocity to elevate 
the current to the overflow weir than 
was imparted to the current initially 
by subsidence. 

Second, a density current in practice 
does not derive its velocity solely from 
subsidence. substantial part is 
residual feed-stream velocity which is 
not dissipated by the feedwell struc- 
ture. 

As a result, even though there is 
substantial loss of velocity, the current 
can still short-cireuit to the overflow 
weir. A flow pattern as shown in 
Figure 1 is set up, and this is the pat- 
tern generally seen in clarification 
basins. Bold arrows indicate the flow 
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through the tank; lighter arrows mark 
an induced circulation which is not in 
itself significant in the sedimentation 
behavior. 


Controlling Short-Circuiting 


There are two alternative and funda- 
mentally different approaches to pre- 
venting formation of sueh a short-cir- 
cuiting flow pattern. One is the hydrau- 
lically effective ‘‘ pipe line’’ approach 
advocated by Camp (2) (4) and many 
others. If the basin is made shallow 
enough, narrow enough, and _ long 
enough, the flow tends to traverse the 
basin with a minimum of dispersion or 
short-cireuiting (Figure 2). The po- 
tential instability caused by having 
higher-density feed-suspension at the 
influent end of the basin, and lower- 
density clarified-suspension toward the 
effluent end, is counteracted by the frie- 
tion losses along the flow path. Any 
given slug of feed liquid ideally moves 
along the basin as a more or less verti- 
eal ‘‘front.’’ This type of stabilization 
reaches its ultimate in a pipe line. 

While effective hydraulically, this 
approach is of debatable attractive- 
ness from an engineering or economic 
standpoint. It has been shown pre- 
viously (5) that density-current short- 
circuiting is harmful only where re- 
moval of suspended solids is a function 
of detention time as well as of overflow 
rate. The most important economic 
arguments for basins of the rather ex- 
treme dimensions necessary for dy- 
namic stabilization are based on the 
assumption (which the authors be- 
lieve to be invalid) that detention time 
is never a direct factor on determining 
removals. 

Whenever detention time and over- 
flow rate are both factors, there will 
be some combination of the two which 
will show the greatest over-all economy. 
This optimum will vary from one ap- 
plication to another, but given reason- 
able flow stability or detention effi- 
cieney in each ease, it usually seems to 
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CLARIFIER FEEDWELLS 


call for basins of substantial depth 
and appropriately reduced area. 

The alternative way of minimizing 
short-cireuiting is to reduce all flow 
velocities sufficiently so that hydro- 
static stratification prevails. Thus in 
Figure 1 if the velocity at c were in- 
sufficient to elevate the current up 
through the layers of supernatant, the 
stream would tend to fall back. The 
short-circuit path would broken, 
and  density-stabilized stratification 
should result. The basin would ap- 
proach a hydrostatically stable condi- 
tion, with clarified supernatant being 
displaced upward selectively through 
invasion of new higher-density feed 
from below. Thickeners and classifiers 
have long relied on this type of flow 
stabilization (6) in settling suspen- 
sions heavily loaded with solids. Its 
application to the lightly loaded sus- 
pensions common in waste treatment, 
however, requires special design fea- 
tures. 

It will be apparent that short, deep 
basins are relatively more conducive 
to density stabilization. In a short 
basin a density current would cross the 
bottom to arrive at location ¢ more 
quickly, and would retain a relatively 
higher specific gravity at that point. 
This fact, together with the increased 
height of the effluent wall, would re- 
quire that it have a relatively greater 
velocity to carry it up to the overflow 
weir. 

In a deep basin, a density current 
could potentially gain more velocity by 
virtue of the greater distance h which 
the new feed has available for plung- 
ing, but plunging can be avoided by 
introducing it at the bottom of the 
basin. In a dynamically stabilized 
basin (Figure 3) this would not ap- 


FIGURE 2.—Basin with hydrodynamic stabilization (idealized). 
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pear too advantageous because what is 
desired there is a uniform distribution 
of new feed from top to bottom. In 
a density-stabilized basin, on the other 
hand, bottom-feeding places the new 
high-density feed precisely where it is 
wanted. 

When a feedwell is used to conduct 
the new feed to the bottom of the basin, 
the well has to be properly designed 
and proportioned. If it is too large, 
new feed may plunge through clarified 
layers of supernatant within the feed- 
well itself, thus nullifying its intended 
function. 

The main difficulty in establishing 
density stabilization within clarifica- 
tion basins lies in dispersing the ve- 
locity of the input stream. When the 
load of suspended solids is light, the 
kinetie energy of the feed stream is 
far more than sufficient to upset den- 
sity stratification. Unless the energy 
and momentum of the infeed stream 
are dissipated or dispersed to a high 
degree, short-cireuiting currents will 
be formed. 


Feedwell Fundamentals 


Theoretically there are three ways 
to cope with the infeed velocity: con- 
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FIGURE 3.—Basin stabilized by density 
gradient (idealized). 
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FIGURE 4.—Defiection of short-circuiting 
stream by baffles. 


vert the corresponding energy of the 
feed stream to head, extract it as work, 
or dissipate it as hydraulic loss. The 
first way has not seemed practical be- 
cause of the large or alternatively com- 
plex nozzle systems required. The see- 
ond expedient is scientifically attrac- 
tive but also has not seemed practical 
because of mechanical complexity. 
Therefore, nearly all feedwell strue- 
tures are intended to cause irreversible 
dissipation of the input energy as hy- 
draulie The input energy is 
dispersed as turbulence, which in turn 
must decay if it is not to cause agita- 
tion and, hence, defeat the purpose of 
the sedimentation basin. 

It is astonishingly difficult to convert 
the infeed velocity to random turbu- 
lences, and to cause these turbulences 
to decay, within the relatively small 
volume allotted to a feedwell struc- 
ture. The feed stream normally issues 
from its conduit in the form of one or 
more submerged, relatively low-velocity 
jets. Such jets persist for an enor- 
mous number of diameters. Anyone 
who has worked on the problem of 
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feedwells will be aware of this. Those 
who have not may get some idea by 
considering the persistence of such 
oceanic currents as the Gulf Stream. 
The literature is full of feedwells 
and feed-baffling arrangements. In 
general, the expedients in common use 
may be classified as follows: 
1. Stream deflecting baffles, 
2. Devices which break up the feed 
stream into a number of smaller 
jets or streams, and 
3. Impingement of opposed jets or 
streams. 


A feedwell or feed 
may often employ more one of 
the above expedients in combination. 
Very few, however, approach the ef- 
fectiveness necessary to establish den- 
sity stabilization on lightly loaded 
feeds. 

Deflecting baffles change the direc- 
tion of a current, and thus can direct 
it along a longer path to the overflow. 
They dissipate some part of the ecur- 
rent velocity as turbulence, but no- 
where near enough. The current, al- 
though redirected, perhaps fanned out 
and somewhat slowed, still retains 
short-cireuiting velocity even after sev- 
eral deflections (Figure 4). 

The commonest means used to break 
up the feed stream are perforated or 
‘*picket-fence’’ baffles. It has been ob- 
served that unless these have a rela- 
tively small percentage of open area, 
the current meanders through them 
without much apparent net effect. The 
individual jets tend to coalesce down- 


arrangement 
than 


FIGURE 5.—Flow paths for impinging 
streams. 
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FIGURE 6.—Six-compartment tray 
thickener. 


stream from the baffle and _ reconsti- 
tute the current. If the openings are 
made narrow and are widely spaced 
relative to the opening width, the 
baffle becomes theoretically more effec- 
tive but practically tends to plug if 
there is any debris in the flow being 
treated. 

impinging streams tend to behave as 
though the individual streams were be- 
ing diverted by a virtual baffle (Fig- 
ure 5). Although in general it ap- 
pears that more turbulence is produced 
and hence more energy extracted from 
the streams than if they had hit real 
baffles, a substantial fraction of the 
original velocity tends to remain in 
the redirected currents flowing away 
from the locus of impingement. This 
is shown with particular explicitness in 
a thesis by Barham (7). 


Effective Feedwells Using Conven- 
tional Expedients 


The tangentially fed circular feed- 
well represents a special case of de- 
flecting baffle, and is of interest be- 
cause it has proven effective under 
favorable conditions. In it the feed jet 
is continuously deflected into a ciren- 
lar or helical path, so that by the time 
the stream emerges from the bottom it 
has traveled a substantial distance. If 
the well is shallow, the stream still 
maintains its identity. It spirals down 
inside the well like a snake, and 
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emerges at the bottom apparently 
somewhat slowed and broadened, but 
still as a discrete stream directed on 
a tangent from the bottom of the feed- 
well toward the periphery of the basin. 
If, on the other hand, the feedwell is 
deep, the infeed jet must travel a 
relatively long helical path down 
through the feedwell, and this long 
path in continuous contact with the 
stationary feedwell wall serves to dis- 
perse and dissipate the current to a 
significant extent. The flow from the 
bottom of the well still retains some 
tangential velocity, and, hence, the 
infeed energy is not completely dis- 
persed, but there can be quite uniform 
radial distribution of the flow. This 
is demonstrated by the following ex- 
ample. 

Some years ago an installation of 
flue-dust thickeners designed as shown 
in Figure 6 was giving operating 
trouble because of a severe scaling 
problem. It was believed that conver- 
sion of the units for what has been 
termed ‘‘selective density feeding’’ 
would be justified to ameliorate the 
sealing problem, and that overflow 
clarity would not suffer as much as 
formerly believed. 

The trays were removed, and large- 
diameter, deep, tangentially fed feed- 
wells were installed as shown in Fig- 
ure 7. Removal of the trays increased 
the overflow rate by a factor of 6, and 


\ 7 
FIGURE 7.—Converted single-compart- 
ment thickener. 
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according to the overflow-rate clarifi- 
cation theories widely accepted at that 
time this change should have decreased 
the settling capacity of the units by 
the same factor. The change, however, 
led to density-stabilized flow patterns 
which yielded detention efficiencies in 
excess of 80 per cent, as compared to 
about 15 per cent for that particular 


tray design. The gain in detention 
efficiency more than offset any effi- 
ciency losses from the concomitant in- 


crease in overflow rate (5) and the 
net result was a substantial improve- 
ment in overflow clarity. 

Where detention efficiencies above 80 
per cent can be attained with feedwell 
structures as simple and foolproof as 
that shown in Figure 7, the economic 
advantage for more complicated strue- 
tures becomes a matter for careful in- 
vestigation. The designer almost al- 
ways has the alternative of gaining 
the desired ‘‘effective detention’’ (3) 
by increasing the size of the unit. An 
increase of only 8 cent in the 


per 


FIGURE 8.—Radial-type velocity-dispers- 
ing feedwell. 
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linear dimensions of a settling basin 
will the effective detention 
(other factors remaining constant) as 
much as improving the detention effi- 
ciency of the basin from 80 per cent 
to absolute perfection. 


Increase 


Therefore, af- 
ter considering both initial installation 
and potential operating inconveniences, 
the any more-effective but 
more-complicated structure have to be 
weighed against those of making the 
basin larger by the small amount neces- 
sary to give equal performance. 

The case described above, of course, 
was particularly favorable for density 
stabilization. First, the specific gravity 
of flue-dust scrubber water containing 
about 4,300 mg/l of heavy iron oxide 
is much higher, relative to clarified 
supernatant, than is common in treat- 
ment of waters or wastes. Therefore, it 
shows an unusually high tendency for 
density stabilization, Second, the units 
as converted were unusually deep and 
had a high depth-to-diameter ratio. 
Both are favorable to density stabiliza- 
tion. Subsequently, it has been found 
that units of optimum economic de- 
sign would usually be of lesser depth, 
if a high detention efficiency can be 
maintained. 

In shallower units, the feedwells are 
not as deep and, hence, the infeed ve- 
locity is not as completely dispersed. 
With lighter feeds the _ residual 
tangential components at the bottom 
of the feedwell are enough to upset 
density stratification. Therefore, more 
effective means of dispersing the in- 
feed velocity are usually required. 

It was conceived that a feedwell 
should contain some velocity-dispersing 
element for converting the infeed ve- 
locity to sharp, small-scale turbulence 
which would decay quickly, and that it 
should leave no residual tangential 
components at the bottom of the well. 
It should also comprise a volume in 
which the turbulence is given time to 
decay before the flow is released to 
the settling basin proper. A _ great 
many known feedwell structures were 
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considered, and many were tested in a 
12-ft diameter pilot clarifier. One 
was highly effective. 

The feedwell structure (4) shown in 
Figure 8 comprises a series of ducts 
radiating outward from a central in- 
feed enclosure, like spokes of a wheel. 
On each side of each radial duct, near 
its outer end, is a vertical slot through 
which feed emerges tangentially. The 
feed is thus broken up into a series 
of tangentially directed, narrow, sub- 
merged jets. Half the jets are 
directed clockwise, and the other half, 
counterclockwise. Each clockwise jet 
impinges on a counterclockwise jet 
from an adjacent radial duct. The 
spacing of the slots precludes coalescing 
of the streams, while the narrowness of 
the jets together with their impinge- 
ment leads to a rapid conversion of 
their velocity to random turbulence. 
The balance between clockwise and 
counterclockwise streams cancels any 
net or residual tangential components 
of velocity. 

The velocity-dispersing element de- 
scribed above was surrounded by a 
feedwell proper which confined the 
turbulence giving it a chance to deeay, 
and which delivered the flow to the 
lower part of the clarifier basin. The 
arrangement of a pilot clarifier as well 
as the test results are summarized in 
Table IT. 

As ean be seen, the feedwell gave a 
high ‘‘standard detention efficieney’’ 
in a basin with a depth-to-diameter 
ratio approximating those commonly 
encountered in the field. Standard de- 
tention efficiency is a value calculated 
from dye tests (3) and is equal to: 


where 


D = dye concentration in overflow, 
it = time after introducing slug of 
dye into feed, and 
nominal detention time of basin. 
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TABLE II.—Pilot Clarifier Data 


Item Quantity 


11 ft 7 in. 
4 ft 6 in. 
30} in. 
986 mg/l 
99 gpm 


91.5% 


Clarifier diam. . . 

Sidewall depth 

Feedwell diam... .... 

Feed suspension*............. 

Flow rate 

Standard detention 


* Precipitated CaCO 


Standard detention efficiency has 
been found to correspond reasonably 
closely to the actual detention efficiency 
of a basin as determined from sedi- 
mentation results. 

The feedwell is functionally effective 
and has been installed in a number of 
basins. However, as with all feedwell 
structures which depend on passing the 
flow through narrow slots, tubes, or 
orifices, it is susceptible to plugging 
with debris. An ideal feedwell should 
have no closed ducts or pluggable con- 
strictions. 


New Type of Feedwell 


It appears functionally necessary to 
disperse the infeed velocity rapidly 
and completely as small-scale turbu- 
lence in the feedwell if density sta- 
bilization in the associated basin is to 


be attained. At the same time some 
experienced engineers have steadfastly 
rejected as undesirable from an oper- 
ating standpoint all structures having 
multiple slots, ducts, orifices, baffles, 
pickets, or other conventional means of 
effecting such dispersion. In order to 
resolve the dilemma a new means of 
velocity dispersion was finally devel- 
oped as shown in Figure 9 (8). 
Within this new feedwell structure 
are two adjacent, inwardly open, sub- 
merged races or channels. Half the feed 
is introduced tangentially into Channel 
A. It follows this race around the 
feedwell and although held in the chan- 
nel by centrifugal force it is displaced 
inward by the continuing flow of new 
feed. The other half of the flow is 
introduced tangentially into Race B in 
the opposite direction to the flow in 
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Channel A. As they are displaced in- 
ward beyond the protection of the 
raceways, these two oppositely directed 
streams or currents are compelled to 
shear one on the other along their en- 
tire length. In the zone of shear the 
velocities are instantaneously  dissi- 
pated as turbulence. Since the streams 
are equal and oppositely directed there 
are no residual tangential velocity 
components. 

It will be apparent that the strue- 
ture is simple. It offers no apparent 
possibility for plugging since the race- 
ways are completely open to the in- 
side and present no upstream edges 
to catch debris. There is only one 
split of the entire feed stream. From 
a practical operating standpoint the 
structure has been completely satisfae- 
tory. 
Functionally, has 


the structure 
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given detention efficiencies as high as 
any other tested. Under almost identi- 
cal conditions to those for the pilot 
clarifier described previously, the new 
feedwell gave a standard detention effi- 
ciency of over 90 per cent. 

The diffusing structure actually is 
more effective in distributing the flow 
around the feedwell and eliminating 
residual velocity streams than was an- 
ticipated. As originally conceived, the 
races were made in the form of volutes, 
thus forcing the feed streams by chan- 
nel geometry to ‘‘overflow’’ progres- 
sively inward and beyond the protect- 
ing walls of the guide channels or race- 
ways. However, the completely cireu- 
lar raceway shown in Figure 9 is ap- 
parently just as effective in distribu- 
ting the flow. Although of unusual 


proportions, it will be reeognized that 
a raceway 


the flow in constitutes a 
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free vortex, somewhat analogous to a 
liquid cyclone. It is characteristic of 
such flow patterns that higher energy 
elements of the flow stratify near the 
periphery of the vortex. As elements 
of the flow lose energy due to fluid 
friction they are selectively displaced 
inward. There develops an energy 
stratification with a gradient toward 
the axis of rotation which is uniform 
around the raceway, and as a conse- 
quence the inward displacement or 
radial components of flow also tend to 
be uniform around it (9). 

The two velocity streams, with no 
escape or bypassing of any element 
of either stream, are compelled to in- 
teract completely by the following ex- 
pedient: Figure 10 shows a cross see- 
tion of the two raceways or channels, 
with a stream cireulating in one di- 
rection in the upper channel, in the op- 
posite direction in the lower one. The 
boundary wall or member a which sepa- 
rates the two streams is made narrower 
than the outside walls b so that it does 
not project as far toward the axis of 
rotation of the streams. As long as 
the circulating streams in the raceways 
retain tangential velocity, there is a 
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centrifugal force tending to hold them 
in the raceway. As the two streams 
are displaced inward toward the axis 
of rotation, they pass first beyond the 
separating member a and shear on one 
another with a velocity differential 
equal to twice the speed of either 
stream. In this shear zone turbulence 
vortices are immediately formed, and 
the gross tangential flow components of 
the two streams are neutralized. The 
resulting mass of turbulent fluid then 
no longer exerts centrifugal foree and 
is preferentially displaced inward past 
the boundary walls by elements of the 
flow which have not lost their tangen- 
tial velocity. As a result, the flows 
stay within side members b until after 
they shear and lose their velocity. All 
of the flow is forced to pass through 
the shear zone. Thus it is an inherent 
characteristic of the structure that dis- 
persion of the infeed velocity will be 
complete. 

Usually the two channels of the ve- 
locity-dispersing structure in a feed- 
well are placed as close together as 
possible. In the above illustration they 
have a common bounding member, a. 
The closeness of the two shearing 
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FIGURE 10.—Action of velocity-dispersing structure. 
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grained or small-seale turbulence which 
tends to decay most quickly. 
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USPHS TRAINING COURSES 


The Public Health Service’s Robert A. Taft Sanitary Engineering Center is 
continuing the opportunity for training in various specialized courses during 
the winter season. These courses cover radiological significance of water and 
air pollution, water quality management, water bacteriology, and radiological 
materials in food. 

The listing of the remaining courses is: 


Feb. 15-19 Radionuclides in Water 
Feb. 29-Mar. 11 Water Quality Management—Sanitary Engineering As- 
pects 
Mar. 25 Sanitary Engineering Aspects of Nuclear Energy 
Apr. -2! Radionuclides in Foods 
Organie Industrial Wastes Characterization 


Inorganic Industrial Wastes Characterization 


These courses are available to those interested in the particular programs 
mentioned. There is no tuition fee. Applications should be addressed to the 
Chief, Training Program, Robert A. Taft Sanitary Engineering Center, 4676 
Columbia Parkway, Cincinnati 26, Ohio, or to a Public Health Service Regional 
Director. 
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Industrial Wastes 


The Kanawha River Valley 


The City of South Charleston, West 
Virginia, and the South Charleston 
Plant of Union Carbide Chemicals 
Company are located on the Kanawha 
River about 50 miles from the june- 
tion of the Kanawha with the Ohio 
River. The Kanawha River is formed 
by the junction of the New and Gauley 
Rivers at Gauley Bridge and runs 90 
miles generally to the north. Two 
major tributaries are the Elk River 
which enters at Charleston, and the 
Coal River which enters at St. Albans. 

The Kanawha River Valley is nar- 
row and winding throughout its length 
and its industrial and residential de- 
velopment is congested to the south 
and east of Nitro. The level areas 
on one bank of the river usually face 
a sheer cliff or steep hills on the op- 
posite bank. Through the most heav- 
ily industrialized section of the valley 
run the mainline of the Chesapeake 
and Ohio Railroad and a branchline 
of the New York Central. Two high- 
ways also compete for space along the 
waterway. To the north and west of 
Nitro the river bottoms are wider and 
can be made available to industry. 

Visitors entering the valley on U. 8. 
Route 60 at night for the first time 


* Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Dallas, Tex.; Oct. 12-15, 1959. 
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are amazed at the scope of the indus- 
trial operations. From the glare of 
the furnaces at Alloy to the always- 
lighted units of the chemicals plants 
at Nitro, visitors may also see indus- 
tries producing metals, power, glass, 
tools, chemicals, ordnance, machinery, 
and synthetics. 

Manpower for such industries is de- 
rived from the adjacent communities 
as follows: 


Town Population 
Smithers 2,200 
Montgomery 3,500 
Cedar Grove 1,700 
Belle 4,000 
Charleston 90,000—100,000 
South Charleston 21,000 
Dunbar 8,000 
St. Albans 10,000 
Nitro 3,300 


Figure 1 reveals that the major por- 
tions of the population and the in- 
dustry contributing to any problem or 
project are located in the upper half 
of the valley. 


The Industry Problem 


Union Carbide Chemicals Company 
makes nearly 400 chemicals, for thou- 
sands of uses, from natural gas, salt, 
air, and water. Only two or three are 
prepared directly for retail use. The 
rest are sold to other chemicals com- 
panies or processors for preparing the 
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finished products. The residues from 
the manufacturing processes for these 
chemicals make up Carbide’s water- 
borne pollution abatement problem. 
The first question usually asked is, 
‘*What chemicals compose the indus- 
trial wastes?’’? The answer must be 
that it is not known, since it is diffi- 
cult to identify organic chemicals in 
a waste stream. In addition, some of 
the processes are proprietary and the 
Company does not wish to reveal the 
nature of the residues or liquid wastes. 
The problem of this particular 
chemicals industry is probably fa- 
miliar in that it is caused partially 
by an unpredictable growth. Figure 
2 is a map of South Charleston. The 
Chemicals Company in 1923 started its 
South Charleston Works by leasing the 
site of some existing buildings (Area 
A) built during the First World War 
by the Rollins and the Klipstein 
Chemicals Companies. In 1927 the 
expansion began with the purchase of 
Blaine Island. Where possible, exist- 
ing facilities were used, replaced, or 
expanded. Cooling water was_ re- 
turned to the river after single stage 
use. Occasionally, heat exchangers 
leaked and contaminated the product 


or the cooling water. It was often nee- 


FIGURE 1.—Map of the Kanawha River Valley. 
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essary to clean process equipment and 
drain off the wastes. During this pe- 
riod, no attempt was made to segregate 
clean water from contaminated water. 

As the Federal Government and the 
various state governments became in- 
terested in the problems of water use 
and pollution, a number of regulatory 
agencies were created. A very promi- 
nent one is ORSANCO, or the Ohio 
River Valley Water Sanitation Com- 
mission, representing Illinois, Indiana, 
Kentucky, New York, Ohio, Pennsyl- 
vania, Virginia, and West Virginia. 
With the creation of ORSANCO, mu- 
nicipalities and industries could fore- 
see a time when they must expect to 
cease polluting the streams. 

Carbide had a threefold problem: 
(a) to collect and segregate the wastes, 
(b) to determine the flow and BOD 
load, and (c) to determine the method 
of treatment. Carbide’s South Charles- 
ton installations are physically divided 
into five separate areas by the Kana- 
wha River and intervening plants or 
residential areas in the city, as shown 
in Figure 2. The Lower Mainland 
includes the previously mentioned 
Area A and is separated from the 
other areas by the back channel and 
the Columbia Southern Chemieal Com- 
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pany plant. Blaine Island, Area B, 
is separated from the rest of the plant 
by the river. Area D in North Charles- 
ton is across the river from Blaine 
Island. The Upper Mainland, Area 
C, is east of the Columbia Southern 
plant and across the back channel from 
Blaine Island. The Technical Center, 
Area E, is located two miles from the 
rest of the plant and is 200 ft higher. 
In 1952 there were at least 60 out- 
falls from the chemicals plant into the 
back channel. Measurement of waste 
flow was difficult since the wastes were 
not yet segregated from the cooling 
water The Pollution Abate- 
ment Department made a survey in 
which the unit supervisors estimated 
the flows. The unit flows were totaled 
to give an estimated waste flow from 
the plant. 
Segregation 


sewers, 


and collection of wa- 
ter-borne wastes were started on Blaine 
Island in 1953. Weirs, manholes, sew- 
ers, flumes, and a circular concrete 
sump were constructed to collect an 
estimated 37 per cent of the total con- 
taminated flow and 61 per cent of 
the total BOD load. Upon completion 
of this system, flow measurements were 
made of the wastes passing through 
the sump to the river. 
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In 1955, the Pollution Abatement 
Department made a new survey for 
the entire plant. Based on a compari- 
son between the estimated flow from 
units discharging into the collection 
system and the actual flow through the 
sump, a new design flow was _ estab- 
lished. 

In April 1954, a back channel sur- 
vey was made to establish the BOD 
load discharged to the river. Sinee it 
was impractical to measure the load 
from each contributing unit, the de- 
cision was made to determine the BOD 
at the upstream and downstream ends 
of the back channel. The difference 
in load between the two points was 
specified as the load contributed to the 
river by the chemicals plant. A de- 
duction was made to correct for West- 
vaco’s wastes. 

During the summer months of the 
year Carbide uses 190,000 gpm of cool- 
ing water. Of this, it is estimated 
that 5,600 to 11,000 gpm are loaded 
with 130,000 Ib of 10-day BOD per 
day. 


Industry’s Developmental Work 


As a basic assignment it was neces- 
sary to determine which wastes could 
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FIGURE 2.—Map of South Charleston showing the areas of significance in the report. 
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be treated and which method of treat- 
ment was best. 

A confusing discrepancy was present 
because of the fact that the industry’s 
computed total pollution loads were 
always lower than those found in the 
river by the regulatory agency’s stream 
surveys. Cooperation with the agency 
soon proved that the differences were 
not due to lack of suitable equipment 
or improper techniques. Search of the 
literature revealed there practi- 
cally no information available on the 
BOD values of synthetic organic chemi- 
cal compounds such as those which 
would probably be present in the waste 
streams from the manufacturing proc- 
esses, A program of experimental 
work (1) was undertaken to deter- 
mine whether these chemicals would 
decompose biochemically at the same 
rate as domestic sewage and to recon- 
cile these differences. This work re- 
vealed the following facts: 


1. Synthetic organic chemicals are 
not attacked biochemically in the same 
manner as sanitary sewage, when pres- 
ent in ordinary detectable amounts. 

2. It may be necessary to run the 
BOD determination for more than five 
days in order to estimate the possible 
pollution by synthetic organic chemi- 


cals. 


Studies were undertaken to deter- 
mine the effect of specific organie ma- 
terials on a normally functioning bio- 
logical oxidation system, when the or- 
ganic materials were added intermit- 
tently at high instantaneous coneen- 
trations to simulate shock loading (2). 
The experimental data were obtained 
by feeding a replica of the South 
Charleston process effluents to the dis- 
persed seed aeration system, reported 
by Heukelekian (3) as the non-floeeu- 
lent growths method. Further studies 
were undertaken to determine if ae- 
¢limatized bacterial growths would 
improve the biochemical oxidation of 
synthetic organic materials of interest 


to Carbide (4 The materials investi- 
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gated were known to be difficult to 
oxidize in a non-acclimated culture. 
Successful acclimation of microorgan- 
isms from Kanawha River water was 
obtained for all of the organie echemi- 
cals studied. 

In 1954, a large-seale pilot plant 
was constructed to collect data for de- 
termining final design and preparing 
final estimates. The pilot plant was 
located so that the wastes collected 
from Blaine Island could be the basis 
for experimental development of treat- 
ment methods. Briefly, the equipment 
consisted of: (a) 1 140-gpm_ primary 
pump, (b) 2 6-ft diameter primary 
clarifiers, (¢) 2 1,300-gal mixing tanks, 
(d) 1 600-gpm_ recirculation pump, 
(e) 1 6-ft diameter secondary clarifier, 
(f) 1 12,000-gal storage tank, (g) 1 
4- by 4- by 22-ft long aeration tank, 
(h) 1 sludge recireulation 
pump, (7)1 5-ft diameter final clarifier, 
and (j) necessary instruments, feed- 
ers, and accessories. 

Several runs were made in 1955 and 
1956 to establish design criteria and 
bases for evaluation of different proc- 
esses. These runs used conventional 
activated sludge, the biosorption proc- 
ess, trickling filters, and various eom- 
binations of these. Both stone media 
and Dowpae HCS * were evaluated in 
a trickling filter. Nutrients, tempera- 
ture, sludge disposal, and pH adjust- 
ment were all studied during the pilot 
plant operation. 

The pilot plant studies established 
the optimum operating condition for 
each process on which the later design 
was based. The choice of process was 
based on the consulting engineer’s 
economic evaluation of the processes, 
covering the initial cost of construe- 
tion, annual operating costs, and the 
ease with which each process would 
fit into the State authorities’ future 
requirements for expansion. The acti- 
vated sludge process was recommended 
and aecepted. Part IL of this paper 
a Manufactured by Dow Chemical Co., Mid- 
Jand, Mich. 
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will discuss for this recom- 
mendation. 

While the pilot plant was in opera- 
tion, samples of various construction 
materials were placed in the top and 
bottom of the trickling filter, in the 
aeration tank, secondary clarifier, final 
clarifier, and raw waste sump to de- 
termine which metals and coatings 
would be satisfactory. In addition, the 
Company in 1954 made a study of 
subsurface disposal of water-borne pol- 
lution at the South Charleston plant. 
The method was reported as undesir- 
able for several reasons, the chief of 
which is that pretreatment of wastes 
for underground disposal is a critical 

One other in- 
similar eonclu- 


reasons 


and expensive process. 
vestigation reached a 


sion (5). 


Industrial Approach to Problem 


During the period 1952 to 1954, 
Carbide proposed to design and build 
its treatment plant over a_ five-year 
period. The treatment plant was to 
be located in the chemicals plant with 
the primary clarifier transfer 
pump station on Blaine Island near the 
collection sump. All secondary treat- 
ment and = sludge disposal facilities 
were to be located on the North 
Charleston site, Area D. 


Combined Approach 


The City of South Charleston, dur- 
ing the period 1948 to 1954, was de- 
signing its own sewage treatment sys- 
tem. For this purpose, Carbide do- 
nated the site, Area F, to the City. 

In July 1954, it was suggested by 
the City of South Charleston that Car- 
bide install a waste treatment plant 
large enough to handle the combined 
wastes of the Chemicals Company and 
of the City. The reasoning for such 
a combined plant may be summarized 


here as: 
1. A combined plant would require 


less initial capital investment than two 
separate plants. This would result 
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from more efficient use of land, elimi- 
nation of duplicated equipment, and 
lower engineering costs. 

2. A combined plant would have 
lower operating costs than two sepa- 
rate plants since duplication of per- 
sonnel and purchases would be elimi- 
nated. Utilities were estimated to be 
available at lower rates. 

3. Admixture of the City’s domestic 
wastes were expected to reduce Car- 
bide’s waste nutrient requirements, in 
particular, nitrogen and phosphorus. 


Some negotiation would be required 
to distribute equitably the initial 
capital savings and the savings in 
operating costs. The Company investi- 
gated the City’s proposal of a com- 
bined plant and concluded that it 
would be feasible and economical to 
design a combined plant large enough 
to treat the wastes from the City and 
Carbide. Its report indicated a eapi- 
tal savings of $150,000 and annual sav- 
ings in operating costs of $59,000 to 
both parties. 

At this time negotiations were be- 
gun with the City about the combined 
waste treatment plant. The negotia- 
tion period required 15 months. To ae- 
count for this time period, any venture 
such as this requires approval by the 
Sanitary Board, the City Council, the 


bondholders or bond companies, 
Chemicals Company Management at 
South Charleston, and Corporation 


Management at New York. Each re- 
viewing or approving unit had its own 
lawyer or law department to review 
the proposal. 

During this period of negotiation, 
these points had to be settled : 


1. Ownership of the plant. A City- 
owned plant would be tax exempt. 
City ownership would relieve Carbide 
of acting as a public utility and would 
prevent the legal difficulties arising 
from other towns requesting that Car- 
bide treat their wastes. 

2. If City-owned, Carbide felt it 
necessary to be assured that the plant 


design would be adequate to handle 
the industry’s wastes. 

3. If City-owned, Carbide also felt 
it necessary to be assured that opera- 
tion of the works would be separated 
from political appointments. 


The negotiations were completed 
when three joint-venture contracts 
were signed on March 15, 1956. These 
contracts covered the following ar- 
rangements : 


1. The City will own the sewage 
treatment works and would accept 
Carbide’s wastewaters for treatment. 

2. Carbide will deliver its wastes to 
the City for treatment and will guaran- 
tee not to build a competitive treat- 
ment plant. 

3. Carbide will furnish pilot plant 
data for the design basis. 

4. Carbide will be responsible for 
design of the works, with authority to 
sublet the design if necessary. 

o. The City hired the newly formed 
South Charleston Sewage Treatment 
Company, a subsidiary of Union Car- 
bide Corporation, to operate the City's 
sewage treatment works. The Sewage 
Treatment Company reserved the right 
to control employment. 

6. Financial details were specified, 
such as sharing costs and setting up 
rates, 


Role of the Water Commission 

The West Virginia State Water Re- 
sources Commission has had a part in 
this problem through the years. As 
early as 1941, the organization, then 
known as the West Virginia Water 
Commission, made an effort to ascer- 
tain the quantity of pollution being 
discharged, and requested information 
as to whether methods of abatement 
were being considered. Towever, the 
war years intervened and little was 
done until February 1946, when a 
conference was called to discuss the 
industrial pollution problem, at whict 
Carbide was ordered to make a thor- 
ough survey of all of its discharges 
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and to advise the Commission regu- 
larly of progress toward abatement. 

In 1954, the Commission in separate 
letters to Carbide and the City ordered 
each of them to cease polluting the 
waters of Kanawha River. The State 
Water Resources Commission did not 
specify a detailed criterion on which 
to base the design of a sewage treat- 
ment works. As the result of a con- 
ference in February 1957 with the 
Commission and representatives from 
the State Health Department, agree- 
ment was reached for a tentative de- 
sign criterion of 42-per eent BOD re- 
moval. Later conferenees confirmed 
this agreement. 

Because of the rapidly increasing 
estimates of final cost, in 1958, Car- 
bide requested the engineers to delay 
design until a resurvey could be made 
to determine the possibility of redue- 
ing the flow, BOD load, and cost of 
the treatment plant. The State Water 
Resources Commission requested a Te- 
port on the progress and a time sched- 
ule for future planning, financing, and 
construction. At its meeting on Janu- 
ary 29, 1959, the Commission accepted 
Carbide’s report, approved the time 
schedule, and requested quarterly re- 
ports on design and construction be- 
ginning April 1, 1959. 


Education and Public Relations 
Efforts 


Prior to the entry of the City into 
Carbide’s pollution abatement  pro- 
gram, Carbide made numerous efforts 
to keep the press and the public in- 
formed of its program to reduce pollu- 
tion of the river. An example was a 
report by Jenkins in 1954 (6) 

The negotiations between the joint- 
venture partners were confidential un- 
til all the details were settled and the 
contracts signed. On March 16, 1956, 
the Charleston Gazette carried a story 
entitled ‘‘Carbide Joins City of South 
Charleston to Build) Sewer Plant, 
Unique Municipal-Industry Co-op Will 
Operate Works.’’ This front-page 
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story reported the City Council sign- lished literature and the private com- 
ing the contracts and elaborated on munications of Union Carbide Chemi- 
details of the venture. Since that cals Company. The assistance of 
time Carbide and the City have made Messrs. F. H. Belden, R. A. Conway, 
a sincere effort to keep the publie in-  R. C. Hieronymus, and N. I. Ketcham 
formed of progress. of Carbide in making available their 
‘files is gratefully acknowledged. The 
encouragement and help of Messrs. L. 

The background of the joint venture J. Bowditeh, H. W. Hetzer, P. C. 
described herein is a review of the Vickers, and F. B. Wotiz of Carbide 
actual events as described in the pub- are sincerely appreciated. 
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1960 NUCLEAR CONGRESS 


The 1960 Nuclear Congress, consisting of the Sixth Nuclear Engineer- 
ing and Science Conference, the Eighth NICB Atomie Energy in In- 
dustry Conference, and the Sixth International Atomic Exposition, will 
be held in the New York Coliseum April 4-7. The Federation as one of 
28 sponsors is responsible for two papers of a four-paper session on water 
supply and waste disposal. These are: 


‘‘Use of Tritium as a Tracer in Evaluating Waste Discharges,’’ by 
Warren J. Kaufman and Richard M. Hours. 

‘*Hanford Reactor Effluent Contribution to Environmental Radia- 
tion Dose,’ by Robert L. Jenkins. 


A pocket-sized leaflet describing the attractions of the meeting is 
available to those making a request to the Federation office. 
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JOINT INDUSTRY AND CITY WASTE TREATMENT: 
COLLECTION SYSTEM AND TREATMENT 
WORKS * 


By JAMEs K. 


Pai tne? 


LATHAM 


The Collection System 


Industrial Wastes 


Union Carbide Chemicals Company’s 
wastes from four 
namely, Mainland, Blaine 
Island, Upper Mainland, and Teechni- 
eal Center. are to be 
collected and transported to the treat- 
ment works site in the following man- 
ner: 


originate areas, 


Lower 


These wastes 


1. Lower Mainland. Wastes will be 
collected in a sump from which they 
will be pumped through a force main 
to the western end of an open flume, 
which flows eastward along the south 
shore of the 
Channel. 


2. Blaine 


Kanawha River Back 
Wastes will be 
collected in a sump from which they 
will be pumped through a submerged 
force main to the western end of the 
flume deseribed in Item 1. 

3. Upper Mainland. Wastes will be 
discharged into the above-described 
flume which flume discharges all of the 
above wastes to the main lift station 
for delivery to the industrial side of 
the treatment works. 

4. General. The volume of waste de- 
livered to the main lift station will 
vary from 5,600 to 11,000 gpm, with 
an average flow of 7,000 gpm. 


Island. 


Pumps 
at the main lift station will be dupli- 
cate, horizontal, dry 
pit type units, of special alloy metals 
construction, to 


variable speed, 


withstand corrosive 


* Presented at the 32nd 


Federation of Sewage and 
Dallas, Tex.; 


Annual Meeting, 
Industrial Wastes 


Assns.; Oct. 12-15, 1959, 


AND 


s, Howard kK, Bell, Consulting Engineers 


J. WinEY FINNEY, JR. 


Lexington, Ky. 


characteristics of the waste to be han- 
dled. Because of occasional ‘*ounky”’ 
content of the liquid to be handled, 
the only valves in pump-piping will 
be sluice gates on suction lines. Since 
the line 
at one time, a purge water pump will 
be provided to purge either pump, in 
the event of shutdown. 


only one pump will be on 


Waste will be 
into the City’s main 
sewer along the Chesapeake and Ohio 
Railroad tracks by hydrostatic head, 
through the medium of a liquid-hold- 
ing manhole or 


5. Technical Center. 


injected force 


stack. 


City Wastes 


The 
the 
whereas 


located at 
eastern boundary of the City 
the Kanawha River flows 
This site for the treatment 
selected for 


treatment works is 


westward. 
plant 
reasons, namely : 


was three major 


1. Least over-all first cost. 

2. Confinement of highly corrosive, 

contaminated wastes within the indus- 

trial area along the Kanawha River. 
3. Economical 


power for pumping 


eosts. 


The area from which the City wastes 
are to be collected is high along the 
south bank of the Kanawha River 
(Elevation 605+), slightly lower in 
the comparatively flat area between the 
river and the Kanawha and James 
River Turnpike (Elevation 600 +), to 
rather steep sloped hills to the south 
of the turnpike. 
the land is 


This general lay of 
broken up by Joplin’s 


Ee 

Ss 

x 

4 
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sranch, Wards Branch, and Davis 
Creek, all flowing from south to north 
emptying into the Kanawha 

It is therefore apparent that 
City waste is 


and 
River. 
extensive pumping of 
mandatory. 

Waste from the City will be delivered 
to the treatment plant site by utilizing 
eight pumping stations, appropriate 
force mains, and a number of gravity 


sewers, 
Historical 


The program of improvements 
herein outlined has been designated 
as Phase 2 of the over-all sewage works 
program. Phase 1, already complete, 
consisted of the construction of relief 
storm sewers in certain portions of the 
level area of the City, at a total project 
cost of $2 million. 


General 


Where existing combined sewers are 
collected into the system, separation 
structures will be provided. Five pump 
stations will be wet pit type with dupli- 
cate pumping units se- 
quence control. Two stations will be 
dry type vertical pumping units, each 
having three pumps on program con- 
trol. The remaining pump stations 
will be a dry type with duplicate vari- 
able speed horizontal pumps, only one 
of which will be on the line at a time. 
Delivery from the latter station will 
vary from a minimum of 2,200 to a 
maximum of 5,400 gpm, with an aver- 
age of 4,000 gpm. 


vertical 


Treatment Required 


The West Virginia Water Resources 
Commission had indicated that pri- 
mary treatment of the City’s waste 
was required, but a fixed degree of 
treatment or pollution reduction by 
the industry had not been ordered. 
However, after conferences with the 
State Water Resources Commission 
and the Health Department, the initial 
facilities are being designed to pro- 
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TABLE I.—-Design Criteria for South 
Charleston Domestic Waste 


Amount 
Criterion 
Separate 


Combined 
| Sewers 


Sewers 


BOD (lb/day/eap) | 0.24 
Suspended solids 


(Ib/day /eap) 


0.16 


0.20 


0.27 


vide an over-all BOD reduction of 42 
per cent. This will be accomplished 
by primary treatment of the wastes 
plus secondary treatment of one-third 
of the total waste volume. 

Provisions are incorporated in the 
plant design to add duplicate second- 
ary units in the future to treat another 
one-third of the flow and this will 
increase the over-all BOD reduction to 
67 per cent. Ultimate treatment of 
the total flow in the secondary units 
will provide for a reduction in BOD 
of about 92 per cent. 


South Charleston City Wastes 


The waste in the South Charleston 
system is essentially domestic and 
commercial. Flow measurements and 
analyses of the sewage did not indi- 
cate any unusual conditions or prob- 
lems relating to strength or flow. 
Conventional design criteria for BOD 
and suspended solids loadings were 
used. These are shown in Table I. 

The average daily flow for plant de- 
sign was caleulated on the 1985 esti- 
mated population at 100 gpd/cap. De- 
sign domestie flow is 4,050 gpm or 5.8 
mgd, which ineludes 1,000 gpm flow 
from Carbide Technical Center. The 
design population is 42,500 for the 
year 1985. 


Industrial Waste Design 


General 


The industrial waste flow, averaging 
7,000 gpm, will contain an average of 
130,000 Ib 10-day BOD per day. Peak 
daily BOD may be double the average. 
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The pilot plant studies of the indus- 
trial waste, which were discussed in 
Part L of this paper, disclosed that 
secondary biological treatment of the 
waste either by trickling filters or by 
the activated sludge process could be 
accomplished with reasonable success, 
if the pH of the waste was controlled 
between 6.0 and 9.0. With a 6-hr 
aeration period, the activated sludge 
process gave a BOD reduction of 90 
per cent of the BOD applied to the 
secondary system. The trickling filter 
study indicated that the maximum re- 
movable BOD by this means was 80 
per cent of the total BOD applied and 
the reasonably economical removal was 
about 65 per cent at 10°C (recireula- 
tion ratio, 8:1) 

Economic studies of the two seeond- 
ary processes indicated the initial con- 
struction cost was strongly in favor 
of the activated sludge process, regard- 
less of the degree of treatment pro- 
vided. The operation cost of the trick- 
ling filter plant was estimated to be 
more expensive than the activated 
sludge plant when treatment was de- 
signed for 42 per cent and also 65 
per cent over-all reduction. This un- 
usual condition is brought about by 
the fact that the trickling filter designs 
considered required the treatment of 
the total flow through the trickling 
filters and thus the pH adjustment of 
the total industrial waste flow: where- 
as, in the activated sludge process, it 
would be necessary to treat only a 
portion of the total flow and the re- 
sulting reagent costs for pH adjust- 
ment would be appreciably less. 

The pilot plant studies of the indus- 


trial waste indicated two major prob- 


lems: (a) pH and (b) primary sludge 
handling. The pH of the waste may 
vary from 1.0 to 13.0, with changes 
as fast as one pIl unit in 10 seconds. 
The sludge was found to have variable 
characteristics. Leaf tests indieated 
that vacuum filtration was satisfactory 
for dewatering the sludge part of the 
time, but on occasions, the sludge was 
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oily or tacky and the filter media was 
quickly blinded. The sludge can be 
compacted by several hours settling. 


pil 


In order for the secondary biological 
process to function properly, the pH of 
the waste must be adjusted to the 
range of 6.0 to 9.0. It would be de- 
sirable to provide lagoons for the raw 
waste in which the slugs of acid waste 
and the slugs of alkali waste could be 
used to neutralize each other, but there 
is simply no land in the area available 
for such a purpose. The problem, then, 
is to provide equipment and control 
facilities for continuously adjusting 
the pH to the desired range. 

Only the waste receiving secondary 
treatment will require pH adjustment 
and since only one-third of the flow 
will be treated in the secondary process 
in the initial phase, the pH control 
facilities will be located immediately 
ahead of the activated sludge process. 

Because of the wide variation in pH, 
the waste is extremely aggressive to 
the usual construction materials. 
Adequate protection must be provided 
for conerete and steel and special ma- 
terials must be used which will resist 
the corrosive nature of the waste. The 
solvent concentration in the waste 
stream has added to the problem of 
selecting suitable coatings. 

The industry made studies of nu- 
merous coating materials, plasties, and 
metals by immersing them in the waste 
stream for extended periods. As a 
result of these studies, it has been 
determined that certain epoxy resins 
and certain phenolie resins will pro- 
vide adequate protection to conerete 
and steel surfaces. Industrial waste 
pumps will be constructed of Hastelloy 
alloy F. 

Primary Sludge 

In view of the fact that the labora- 

tory studies did not arrive at a suitable 


means for dewatering the industrial 
primary sludge and that the total col- 
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lection of the wastes will not be com- 
pleted until the treatment plant and 
pumping station constructed, it 
was decided to defer the planning and 
construction of sludge handling and 
disposal facilities until further study 
could be made after the plant is placed 
in operation. Space will be reserved 
for construction of sludge thickeners, 
vacuum filters, and incinerators, if 
such methods are proved to be suit- 
able. 


are 


Indications are that prolonged set- 
tling will concentrate the sludge to a 
thickness that will permit incineration. 
Since the industrial sludge is biostatic 
and may be held for long periods of 
time, it is desirable to keep the do- 
mestic sludge and industrial sludge 
This will dictate the use of 
separate primary clarifiers for indus- 
trial waste and domestic sewage. 


separate. 


Activated Sludge 


Normally, two approaches may be 
taken to the design of aeration basins 
for the activated sludge process: (a) 
the basin may be designed on a flow- 
through principle with a minimum of 
end-to-end mixing, or (b) it may be 
designed for complete mixing. Car- 
bide pointed out the following ad- 
vantages of the complete mixing prin- 
ciple when applied to the treatment 
of an industrial waste: 


1. The wastes are diluted by the en- 
tire volume of the tank, which in ad- 
dition to dilution, provides equal 
feeding to all the tank. 
Under these conditions, the greatest 
amount of work can be accomplished 
in a given aeration volume. 

2. The BOD level in the aeration 
basin is essentially equal to the efflu- 
ent BOD. ‘Therefore, the biological 
culture is not subjected to strong 
wastes for a significant period of time. 

3. Lysis in the biological culture re- 
nutrient materials. In the 
homogeneously-mixed system, this re- 
lease and the demand for nutrients oe- 
cur at the same point. Therefore, if 


volumes of 


leases 
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addition of nutrients is necessary, the 
possibility for reuse in the homoge- 
neously-mixed system will 
these additions. 


minimize 


As a result of evaluations of vari- 
ous plans for homogeneously-mixed 
basins, both separate from and in a 
common basin with the final clarifier, 
considerations of various mixing fa- 
cilities to provide an oxygen transfer 
rate in excess of that obtained by bub- 
ble aeration alone, and cost compari- 
sons, it was decided to use activated 
sludge units which provide aeration 
and final clarification in a single cireu- 
lar unit. An oxygen transfer effi- 
ciency of 25 per cent will be provided 
by the mixers. The capacity of the 
activated sludge units will be equiva- 
lent to that which would have been 
provided in separate units for aera- 
tion and settling. 


Plant Description 
General 


The domestic sewage will pass 
through comminutors, a Parshall flume, 
a grit removal basin, parallel primary 
clarifiers, and a chlorine contact basin. 
Upon leaving the chlorine contact ba- 
sin, one-third of the flow will pass 
directly to the activated sludge sys- 
tem. The industrial waste will pass 
through a Parshall flume, grit removal 
basins, and parallel primary clarifiers. 
Upon leaving the primary clarifiers, the 
flow will be split and one-third will 
pass through the pH adjustment fa- 
cilities, nutrients will be added, and 
the flow will continue to the secondary 
process. Sludge from the domestic 
primary basins will be thickened with 
waste activated sludge prior to 
vacuum filtration. 


Industrial Clarifiers 


Peripheral feed circular clarifiers 
were selected for this service. The 


flow enters one side of the basin, flows 
around the periphery and under a skirt 
from which the flow is upward to mul- 
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tiple collection troughs, 
for 
(a) the relative ease in protecting the 


This type of 
basin was. selected two reasons: 
steel sludge collector mechanisms with 
coatings as opposed to the difficulty of 
protecting chain and sprocket drive 
mechanisms for rectangular 
the fact that the in- 
dustrial waste will contain solvents and 
other floating inflammables and it is 
considered desirable to contain the in- 
flammables at the perimeter of the tank 
where fire 
tinguished. 

The two clarifiers are designed to 
provide a detention of one hour at 
average -flow. They will be 64 ft in 
diameter and have a sidewater depth 
of 11.5 ft. Sludge removed 
continuously and discharged to the 
plant effluent until disposal facilities 


are later constructed. 


collector 
basins, and 


may be more easily ex- 


will be 


pil Control Facilities 


As has been previously mentioned, 
the pH of the waste stream may vary 
between the 1.0 to 13.0, 
with a change rate as fast as one pH 
unit in 10 seconds. This pH variation 
coupled with a possible stream flow 
rate change from 5,600 to 11,000 gpm 
d-min 
rather difficult problems. 
lems were studied in the Company and 


extremes of 


over a period, presents some 


These prob- 


the system design was simulated on an 
The design became 
the subject of a publication by Field 


The neutralization process is carried 


analog computer. 


out in series with the following equip- 
ment sequence: influent to Blender A 
to first-stage mixer and control to 
Blender B to second-stage mixer and 
control to Blender to effluent. 

The pi control is accomplished by 
additions of commercial grade sulfurie 
acid or 50-per cent caustie solution to 
the stream in accordance with the load 
demand. The first- and second-stage 


mixers each have a separate feedback 
control loop. 


sizes, 


Except for reagent valve 


the two closed require 


le OPS 
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identical equipment and exhibit the 
same dynamic behavior. 

When the concentration as- 
sumes extreme values (pH 1 to 2 or 
pil 12 to 13), reagent is added im- 
mediately to Blender A by open loop 
control as pretreatment. The first- 
stage treatment operates between pH 2 
and 12, and the second-stage treatment 
serves as a final adjustment over the 
span pH 4 to 10, to give a final pH 
between 6.0 and 9.0. 

The three blenders will each have a 
volume of at least 7,500 gal and will 
be agitated by mixers constructed of 
stainless steel. The first- and second- 
stage mixers will be of the pipeline 
type with 300-gal capacity between the 
mixing zone and the following blender. 
Construction will be of stainless steel 
or properly coated and protected steel. 

The system is designed for neutrali- 
zation of the full flow and will be so 
constructed, except for the sizing of 
the reagent valves. 


stream 


Nutrient Addition 


The industrial waste will require the 
addition of nitrogen and phosphorus, 
which will be supplied in the form of 
anhydrous ammonia phosphoric 
acid. These nutrients will be added 
to the waste after pH adjustment. 


Comminutors and Screens, Domestic 


Flow 


Two comminutors of a size to handle 
the maximum flow rate in parallel will 
be installed. A by-pass bar sereen will 
be provided for emergency use. 


Domestic Clarifiers 


The two domestic clarifiers will be 
cireular and of the same type as the 
industrial clarifiers. They are de- 
signed for two hours of detention at 
the average flow. The basins are 64 
ft in diameter. 


Chlorination Facilities 


The chlorine contact basin will pro- 
vide a detention of 15 min at the aver- 
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age design flow. Chlorinator capacity 
will be such that each of two machines 
ean provide a dosage of 20 ppm chlo- 
rine at average flow. Prechlorination 
at the domestic sewage pump station 
will be provided for odor control. The 
chlorinators will be automatically con- 
trolled in proportion to the rate of 
flow entering the plant. 


Activated Sludge Units 


Two circular units are being pro- 
vided for the activated sludge process. 
The units will be 90 ft in diameter 
by 24 ft, 6 in. of water depth. The 
aerator units will be powered by vari- 
The mixer in each 
basin will have capacity to disperse 
4,000 cfm of air at an oxygen transfer 
efficiency of 25 per cent. 


able speed drives. 


The minimum expected air require- 
ment for the activated sludge process 
is 2,000 cfm, the average requirement 
4,000 efm, and the maximum require- 
ment 8,000 efm. The air supply will 
be furnished by blowers in combina- 
tion to provide steps of approximately 
2 000, 4,000, 6,000, and 8,000 efm. 

The BOD load on the activated 
sludge unit will be 169 lb/day/1,000 
cu ft. 

The aeration detention time will be 
7.67 hr and the detention in the set- 
tling zone will be 2.50 hr. 


Sludge Disposal 


The sludge from the domestic pri- 
mary basins will be pumped continu- 
ously along with waste activated 
sludge to a sludge thickener. The 
thickener will be 45 ft in diameter by 
10 ft of side water depth. Because of 
a high load of industrial BOD in the 
secondary system, the ratio of waste 
activated sludge solids to primary do- 
mestie solids will be higher than usual. 
The thickener is expected to concen- 
trate the mixed sludge to a solids con- 
centration of 4 to 6 per cent. 

The thickened sludge will be further 
dried on vacuum filters. Two units 
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installed and the filters will 
be designed to operate one shift) per 
day for five days each week. Sludge 
will be taken to the City dump until 
further disposal means are determined 
for the industrial primary sludge pre- 
viously mentioned. 


will be 


General Features 


Because of the necessity for provid- 
ing and maintaining coatings for pro- 
tection against the industrial wastes, 
the flow between basins will be carried 
in open channels. Slide gates con- 
structed of stainless steel will be used 
in the industrial waste flow and gates 
constructed of aluminum will be used 
in the domestic flow. Pneumatic gate 
operators will be employed for auto- 
matic operation at certain points. 

Sulfuric acid, 50-per cent sodium 
hydroxide, phosphoric acid, ammonia, 
and ferric chloride will be obtained in 
tank truck quantities and stored in 
steel tanks at the plant. 

The connections to the secondary 
process will be such that all or any 
portion of the domestic flow and any 
desired portion of the industrial flow 
can be directed to the activated sludge 
system, so that the full capacity of the 
secondary process can be utilized. 


Preliminary Engineering Cost 
Estimates 


Total Project Cost 


Preliminary engineering estimates 
show the total project cost to be 
$8,623,000.00, of which Union Carbide 
Chemicals portion — is 
$6,327,000.00, and the City of South 
Charleston’s portion $2,295,000.00. 


Annual Costs 


Preliminary engineering estimates 
show the total annual utilities and re- 
agent cost to be $172,400.00, of which 
$157,800.00 is Carbide’s portion and 
$14,600.00 is the City’s portion. 
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Based on current interest rates on metals and expensive protective coat- 
“AAA”? Municipal Revenue Bonds ings to withstand corrosiveness of in 
and preliminary estimates of project dustrial wastes before pH adjustment. 
cost, the total annual debt service cost The high cost of utilities and re- 
will be $608,000.00, of which Carbide’s agents is attributable to reagent cost, 
portion is $446,000.00 and the City’s Carbide’s portion of which is estimated 
portion is $162,000.00. at $87,900.00 per annum. 


General Reference 


The high ratio of first cost to volume | Field, W. B., ‘‘Design of a pH Control 
of wastes to be treated is attributable System by Analog Simulation.’? J.S.A. 
to the necessity for use of special alloy Jour., 6, 1, 42 (Jan. 1959). 


MEETINGS OF INTEREST 


American Institute of Chemical Engineers, Biltmore Hotel, 
Atlanta, Ga. F. J. Antwerpen, Executive Secretary, 25 West 
45th St., New York 36. 


Mar. 1 Fourth Great Plains Sewage Design Conference, Castle Hotel, 
Omaha, Nebr. W. F. Rapp, Jr., Division of Sanitation, State 
of Nebraska, Lincoln, Nebr. 


Mar. 7-11 American Society of Civil Engineers, Jung Hotel, New Orleans, 
La. W. H. Wisely, Executive Secretary, 33 West 39th St., 
New York 18. 

Mar. 16-18 Twenty-Third Annual Short Course for Superintendents and 
Operators of Water and Sewerage Systems, Louisiana State 
University, Baton Rouge. Dean Fred H. Fenn, College of 
Engineering, Louisiana State University, Baton Rouge. 

Mar. 29-30 Second Joint Conference on Gaseous and Liquid Waste Prob- 
lems, Hotel Traymore, Atlantic City, N. J. Mid-Atlantie States 
Section of the Air Pollution Control Assn. and Industrial 
Wastes Assn. 


Apr. 4-7 6th Nuclear Engineering and Science Conference, 8th Inter- 
national Atomic Energy in Industry Conference, 6th Interna- 
tional Atomic Exposition, New York Coliseum, New York. 
D. P. Reynolds, ¢/o0 Engineers Joint Council, 29 West 39th St., 
New York 18. 

Apr. 48 Course on River Pollution, Sewage Disposal, and Trade Waste 


Treatment, University of Birmingham, Edgbaston, Birming- 
ham, England. R. F. Wills, Civil Engineering Dept., The 
University, Edgbaston, Birmingham 15, England. 

Apr. 5-14 137th Meeting of the American Chemical Society, Hotel Neth- 
erland-Hilton, Cleveland, Ohio. American Chemical Society, 
1155 16th St., Washington 6, D. C. 

Apr. 7-8 Ninth Annual Municipal and Industrial Wastes Conference, 
North Carolina State College, Raleigh. Division of College 

Extension, P. O. Box 5125, State College Station, Raleigh, N. C. 


A 
; 
: 
3 
tes 
£34 
tp 
as 


Basically, the sulfite pulping proe- 
ess Involves the separation of the cellu- 
losic constituents of wood from the non- 
cellulosie by dissolving the latter 
through complex chemical reactions. 
On a dry wood basis, the yield of in- 
soluble cellulosic materials is in the 
neighborhood of 50 per ¢éent, the re- 
mainder comprising the dissolved ligno- 
sulfonates, sugars, and other minor 
constituents. Herein lies the problem 
faced by the sulfite pulping industry, 
specifically, the disposal of the residual 
pulping liquor containing the dissolved 
substances. Disposal must be achieved 
without creating undesirable conditions 
in the receiving bodies of water. 

The limiting factor in the solution 
of the spent sulfite liquor disposal 
problem is one of economies rather 
than technology. Technically sound 
processes for the disposal of these efflu- 
ents have been developed involving 
purely treatment or utilization tech- 
niques. However, when examined in 
the light of economics these processes 
have generally been unattractive. 

The practical methods of resolving 
this problem of spent sulfite liquor to 
date include simple disposal methods 
and utilization methods. The former 
methods include disposal by dilution, 
either directly to the receiving body of 
water or by the use of storage lagoons 
and controlled discharge. The other 
simple disposal method used is land 
disposal through the mechanies of soil 
filtration or as roadbinder. Where 
simple disposal by dilution or land 


* Presented at the 14th Industrial Waste 
Conf., Purdue University; Lafayette, Ind.; 
May 5-7 


1959. 
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disposal are not practical, the spent 
sulfite liquor is usually further proe- 
essed and suitable utilization of the 
end product(s) is sought. Full seale 
installations for utilization inelude 
(a) evaporation and burning for the 
recovery of the fuel value in the liquor 
and, in some instances, recovery of 
spent pulping chemicals, (b) evapora- 
tion with or without drying for the 
preparation of lignosulfonate com- 
pounds and derivatives which find lim- 
ited industrial application, or 
fermentation of the spent liquor sugars 
for the production of yeast or alcohol. 

It has long been recognized in the 
sulfite pulping industry that utiliza- 
tion of the non-fibrous half of the dry 
pulp wood log will supply the eventual 
solution of the spent liquor problems. 
It has become increasingly evident that 
the traditional or standard effluent 
treatment processes cannot be eco- 
nomically applied. <A review of the 
technical and patent literature on spent 
sulfite liquor will confirm this reason- 
ing. Since the sulfite pulping process 
was first commercialized some 80-odd 
years ago, there have been literally 
scores of schemes worked out for liquor 
utilization and hundreds of products 
have been prepared from in- 
triguing material. The diffieultv has 
been, with relatively few exceptions, 
that the products either were not quite 
good enough or were too expensive to 
meet competition from similar prod- 
ucts produced from other sources, or 
that markets for the products were too 
limited to make production economi- 
cally feasible. 

Rhinelander Paper Company, the 
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TABLE I.--Composition of Spent Sulfite 
Liquors from Spruce Wood 


Component Concentration* 
g/l 
Neutralized solids 100 
Total sugar (as glucose 15-22 
Hexose 11-16 
Pentose 16 
Volatile acids (as acetic 2-5 
Sulfur (all forms as SO 8-10 


Total inorganic 
(free SOs 0.5-2.5 


Organic (loosely 


combined SO» 3.0-5.0 
Lignin (as lignosulfonate 50-65 
Calcium 7-10 
Miscellaneous compounds 2-5 
pH 1.5-3.0 


* Variations based on liquors of the same 
solids concentration. 


largest glassine and greaseproof paper 
manufacturer in the United States, em- 
ploys utilization processes for handling 
its spent sulfite liquor. The spent  liq- 
uor comes from the daily production 
of approximately 110 tons of sulfite 
pulp produced by the ealcinm bisulfite 
process from both hardwoods and soft- 
woods. 

The techniques used for processing 
of the spent liquor encompass the pro- 
duction of nutritional yeast from the 
sugars, followed by evaporation, with 
or without drying, of the remaining 
lignosulfonates. These by-produets, 
veast and calcium lignosulfonates, are 
sold in appropriate markets. Facilities 
for the burning of the evaporated liq- 
nor for its fuel value are also available 
in the event of insufficient sales outlets 
for the calcium lignosulfonates. The 
production of nutritional yeasts and 
ealeium lignosulfonates is the function 
of the Lake States Yeast and Chemical 
Division, which like the Rhinelander 
Paper Company that it services, is a 
division of St. Regis Paper Company. 
These products are also marketed un- 
der Lake States’ trademark as Dried 
Torula Yeast and Toranil A and Tora- 
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nil B as the liquid and dry forms, re- 
spectively, of calcium lignosulfonates. 
This plant is the pioneer producer of 
Torula Yeast in the United States and 
one of the earliest producers of de- 
sugared calcium lignosulfonates. 


Spent Sulfite Liquor 


The liquor results from the treat- 
ment of wood chips under conditions 
of elevated temperature and pressure 
with an aqueous sulfurous acid solu- 
tion of caleium bisulfite. During the 
digestion period lignin combines with 
the sulfur dioxide or sulfite ion to 
form calcium lignosulfonate. After the 
cooking process is completed the acid 
liquor containing the dissolved ma- 
terials is separated from the insoluble 
cellulose. Other bases such as sodium, 
ammonium, or magnesium can be used 
in place of calcium to form the eook- 
ing acid. 

Approximately one ton of dissolved 
wood solids is produced with each ton 
of pulp made. The organic matter 
present in the liquor is complex, with 
only about 20 per cent of the dis- 
solved solids being made up of easily 
oxidized sugars and related compounds. 
Thus, some 400 Ib of fermentable ma- 
terial is produced for each ton of pulp 
made, or 20 tons per day for a pulp 
mill producing 100 tons of pulp per 
day. Of this quantity, only 14 to 16 
tons of sugars are usually collectable 
at a practical concentration. 

The concentration of the spent liquor 
from different mills ranges from 60 to 
150 @ of solids per liter (500 to 1.250 
Ib /1,000 gal). The variation results 
from the type of wood used and the 
degree of cooking required to produce 
the desired pulp quality. Liquors from 
the pulping of hardwoods have a 
higher proportion of sugars (up to 30 
per cent on a solids basis) than soft- 
wood liquors (15 to 22 per cent on a 
solids basis). The types of sugars are 
also a function of the wood used. Soft- 
woods yield a product with a_ total 
sugar of about 75-per cent hexoses, 
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which are largely mannose. Liquors 
from hardwoods may have as much as 
70-per cent pentose sugars,’ mostly in 
the form of xylose. Hardwood liquors 
may also have a higher content of 
acetic acid. Table I (1) shows the 
approximate composition of spent sul- 
fite liquors from spruce wood. 

Total volume of spent liquid pro- 
duced will range between 2,000 and 
3,000 gal per ton of pulp, and the 
total solids in the spent liquor from 
one ton of pulp will range from 2,000 
to 3,000 lb. These figures are variable, 
depending on the duration and severity 
of the pulping eycle, the cooking liquor 
concentration, fiber yield from the 
wood, and the type of wood being 
pulped. 

Economic considerations in any 
processing operation usually require 
that the material to be processed should 
be in as concentrated form as_ prae- 
ticable. In the case of spent sulfite 
liquor, the efficiency of the spent liq- 
uor collection system is of great sig- 
nificance. Collection system efficiencies 
probably vary from less than 50 to 
about 90 per cent based on the total 
solids produced by the pulping opera- 
tion. The efficiency will vary depend- 
ing on the equipment used for drain- 
ing and displacing the spent liquor 
from the pulp. 

As would be expected, the BOD of 
spent sulfite liquor is also variable. It 
is largely controlled by the sugar con- 
tent, although other dissolved sub- 
stanees contribute substantially. Gen- 
erally, the BOD range of spent sulfite 
liquor at this plant is from 25,000 to 
35,000 mg /1. 


Yeast Production 
History 


The idea of growing microorganisms 
on the sugars present in spent sulfite 
liquor is not new. Ethyl aleohol has 
been produced through the culture of 
Saccharomyces yeasts in this substrate 
Probably the 


for a great many years. 
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first thought of converting wood sugars 
into edible protein was in Germany. 
The idea was seemingly born during 
World War I when it became necessary 
to seek out new protein sources to cir- 
cumvent the Allied blockade. The 
process was first put into large seale 
commercial production during World 
War Il. Common yeast (Saccharo- 
myces) might have been used for the 
process but wood sugar is a mixture of 
both five- and six-carbon sugars and 
this variety of yeast can assimilate only 
the six-carbon sugars. A number of 
different yeast species were actually 
used in Germany but one of them, then 
classed as Torulopsis utilis and sinee 
reclassified as Candida utilis, appeared 
to be most efficient. 

The Sulphite Pulp Manufacturers’ 
Research League in this country 
started growing yeasts on spent liquor 
in 1943. After sereening many organ- 
isms for growth characteristics and 
dried cell composition, they too chose 
to concentrate on C. utilis. When hos- 
tilities ended they obtained detailed in- 
formation on the German develop- 
ments, fitted it in with their own pilot 
plant experience and proceeded to lay 
out a commercial, continuous flow proe- 
ess, Which eventually became the Lake 
States organization. 


Factors for Growth 


Since the major BOD-producing 
constituents of spent sulfite liquor are 
the sugars—five-earbon and six-ear- 
bon—Candida utilis, or torula yeast, 
became the organism of choiee because 
of its ability to assimilate both types 
of sugars. Torula yeast cultures are 
relatively easy to maintain and are 
routinely propagated with little evi- 
dence of instability or variation. One 
of the remarkable features of torula 
yeast the with which 
large fermentation plants may be in- 
oeulated and maintained in continuous 
operation with apparent freedom from 
serious contamination problems. Tor- 
ula yeast grows rapidly and is able 
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to synthesize all growth requirements 
from simple compounds. Bacterial con- 
tamination is abnormal with properly 
controlled, continuously fed 
yeast growth. 

Factors of prime importance for re- 
duction of BOD of spent sulfite liquor 
through growth of torula 
yeast are the concentration and rate of 
feed of liquor, the air supply, inorganic 
nutrients, temperature, and pH _ econ- 
trol. 

Liquor preparation involves redue- 


torula 


vegetative 


ing the sulfur dioxide of the process 
feed to a point where it will not in- 
hibit yeast growth. Sulfur is present 
in the raw liquor in a number of forms 
—which for convenience may be termed 
(a) ‘‘inorganie’’ or that which will 
reduce iodine in a cold acid solution, 
(b) 
reduces iodine in acid solution only 


“organic loosely combined’? which 


after first being split from its organic 
complex by strong alkali treatment, 
and finally (¢) ‘‘firmly combined sul- 
fur’? which not iodine 
even after alkali treatment. This 
firmly combined sulfur does not inter- 
fere with yeast growth while the other 
two forms do. 


does reduce 


Growing Conditions 


Effective liquor preparation ean be 
accomplished by lime treatment, which 
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FIGURE 1.—Waldhof aerator wheel. 
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in general results in the precipitation 
of calcium sulfite, or by conventional 
stripping in a tower with steam or 
other gas. 


with other continuous 
processes involving a time reaction, it 


In common 


is essential to provide sufficient resi- 
dence time in the reactor (in this case 
the fermentor) to permit the desired 
reaction to attain virtual completion. 
The time it takes a single yeast cell to 
bud and split into two mother cells 
will vary widely, depending on nu- 
tritional and environmental conditions. 
Experience in growing torula yeast in- 
dieates a practical minimum holding 
time of approximately three and one- 
half hours. 

The rate of addition of the fermen- 
tables must be adjusted to parallel 
closely the rate of usage by the yeast 
culture. It appears that veast growth 
is most vigorous when the conecentra- 
tion of fermentables in the wort is held 
at a minimum. In effect, it appears de- 
sirable to approach the point of cell 
starvation but never to permit actual 
shortages to oceur. 

The 
aerobie process, requires oxygen which 
air. The 
quantity of air supplied to the ferm- 
entor and the manner of its distribu- 
tion are critical factors in yeast growth 


growing of yeast, being an 


is normally furnished as 
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and the 


sugars. 


assimilation of the liquor 
Due to the foaming character- 
istics of spent sulfite liquor, a mechani- 
cal aeration system—the so-called 
‘*Waldhof’’ unit shown in Figure 1— 
which incorporates a foam control fea- 
ture is ordinarily employed (2) (3). 
High efficiencies of oxygen transfer at 
the air-liquor-yeast interface are ob- 
tained through the formation of emul- 
sions having as much as two volumes 
of air for each volume of liquor. The 
amount of air required for efficient 
growth of yeast is critical. Too much 
air can be accompanied by increased 
carbon dioxide respiration, increased 
heat formation, and lowered yeast 
yield. Too little air results in an- 
aerobie fermentation conditions favor- 
ing aleohol production and lowered 
yeast cell yields. Air requirements 
are difficult to specify because the effi- 
cieney of aeration (oxygen transfer) 
varies with different substrates and 
with types and sizes of equipment used 
for aeration. Satisfactory aeration 
with spent sulfite liquor substrates have 
been obtained with as low as 150 efm of 
air per pound of dry yeast produced. 


Nutrients and Temperature 


For efficient growth, yeast requires 
nitrogen, phosphorus, and potassium 
in relatively large amounts; and eal- 
cium, magnesium, copper, iron, and cer- 
tain other elements in smaller amounts 
(4)(5). Spent sulfite liquor is almost 
totally lacking in nitrogen, phosphorus 
and potassium, and in some instances 
magnesium. The source of these in- 
organic elements furnished to the yeast 
depends on the cust, availability, and 
effect on the growth of the yeast. 

The growth of yeast under aerobic 
conditions results in the liberation of 
large of heat, necessitating 
the use of cooling water or refrigera- 
tion. The quantity of heat released 
per pound of yeast will vary with 
different substrates. 


amounts 


Fermentation of 
pentose sugars results in the release of 
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larger quantities of heat than the hex- 
ose sugars. In the case of spent sulfite 
liquor from pulping spruce wood, ap- 
proximately 1,700 cal of heat are 
evolved per pound of dry yeast pro- 
duced (1). Efficient yeast growth on a 
continuous basis requires the mainte- 
nance of an even temperature in the 
fermentor. For normal growth of 
torula yeast, the temperature is main- 
tained in the range of 93 to 98°F (4) 
(5). Inereased temperature results in 
reduced efficiencies and several days 
may be required for the yeast to re- 
cover from heat shocks. 


pH 


Torula yeast will grow satisfactorily 
in a pH range of 4.5 to 6.0 (5). Con- 
trol of the substrate pH, however, is 
important for a number of reasons. 
Where higher temperature operation 
is required and where sugars are fed 
in high concentrations, the lower pH 
levels are used. This is done to pre- 
vent bacterial contamination, which is 
more likely to oceur at high pH and 
temperature levels, particularly when 
the holding time in the fermentor is 
long because of the high sugar conecen- 
tration feed. Control of pH is con- 
veniently accomplished by the auto- 
matie or manual addition of ammonium 
hydroxide, although other common 
basic substances may be used. 


Harvesting 


Recovery of the cell material pro- 
duced in the fermentor is strictly a 
matter of physical separation. Filtra- 
tion, utilizing conventional vacuum 
filters, has been used to some extent 
but usually has been of dubious merit 
due to the tendency of the yeast to 
blind the filter cloths. Solid bowl 
centrifuges have been used successfully 
but have the disadvantage of batch 
operation. Most torula yeast produced 
today is recovered in nozzle type con- 
tinuous centrifuges which are operated 
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TABLE II.—Typical Analysis of Dried 
Torula Yeast 


Component Per Cent 
Moisture 6.5 
Crude protein (N X 6.25) 52.0 
Crude fat (with prehydrolysis 4.5 
Minerals (ash 7.8 
Carbohydrates (by difference) 29.2 


in series, with dilution between stages, 
to accomplish the desired degree of 
washing. 

Drying is an essential step in the 
production of nutritional yeast. Heat 
is used to inactivate the cells as well 
as to dry the yeast to a powder form. 
Spray drying has been used to some 
extent in Germany for the latter step 
but in this country drum drying is 
practiced exclusively. 

Depending on the total content of 
fermentable materials in the liquor, a 
yield of dry yeast substance approach- 


ing 50 per cent by weight may be ex- 
pected. A typical analysis of torula 
yeast produced from sulfite liquor is 
shown in Table II. 


SPENY SULFITE LIQUOR 
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Yeast Plant Facilities 
Preliminary Procedures 


Figure 2 shows a schematic flow 
diagram of the yeast plant which is 
located adjacent to the paper mill. 

Spent sulfite liquor from the pulp 
blowpits is pumped through a rotary 
screen to remove pulp fibers from the 
liquor and then passes into two stor- 
age tanks, each of 125,000-gal capacity. 
These tanks are fabricated of fir wood 
staves and all the piping, pumps, and 
screens are of stainless steel construe- 
tion. Besides serving as storage, the 
tanks also serve as blend tanks for 
leveling out sugar concentrations in 
the raw liquor. Spent liquor comes 
from the pulp mill intermittently, de- 
pending on the wood cooking cycle, 
and the total quantity collected is ap- 
proximately 125,000 gpd. Fermentable 
sugar content of the liquor ranges from 
2.0 to 3.0 per cent and dissolved solids 
range from 10 to 12 per cent. Tem- 
peratures of the liquor is about 175°F 
and pH is about 2.5. 
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FIGURE 2.—Schematic flow diagram of yeast aodiceaian plant. 
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Before the spent liquor can be fed 
to the fermentor it is necessary to 
reduce the sulfur dioxide content to a 
level which not interfere with 
yeast growth. This is accomplished in 
a stripping tower of stainless steel con- 
struction packed with ceramic Raschig 
rings. Feed liquor enters the top of 
the tower while live steam enters the 
bottom. Water vapor and sulfur di- 
oxide stripped from the liquor enter 
a surface condenser and the conden- 
sate, a sulfurous acid solution, is re- 
turned to the pulp mill for reuse. 

The stripped liquor leaves the bot- 
tom of the stripper and passes through 
a cooler, entering at a temperature of 
about 180°F and leaving at about 
80°F. Following another screening 
step, the cooled stripped liquor enters 
the fermentor. 


does 


Fermenting Operation 


The stainless steel 
clad, carbon steel tank with an open 
top, 26 ft in diameter and 14 ft high. 
The tank is provided with a vertical 
draft tube, 4 ft in diameter, located 
in the center of the tank. The operat- 
ing volume of the fermentor is 45,000 
val of emulsion (liquor plus entrained 
air) or approximately 20,000 gal of 
liquor (air free). Retention time in 
the fermentor is approximately 314 hr 
at a liquor flow rate of 100 gpm. 

The aerator device, located at the 
bottom of the draft tube, resembles 
a centrifugal pump impeller, with the 
open-end air tubes acting as vanes. It 
is driven by a 250-hp motor. Air is 
supplied to the aerator wheel by means 
of a centrifugal blower of 2.000 efm 
capacity. Air is conveyed to the 
aerator wheel by an 8-in. pipe de- 
seending through the center of the 
draft tube, connected through a _ ro- 
tating stuffing box. Air dispersion re- 
sults from the peripheral shearing ae- 
tion between the end of the air tubes 
and the liquor. The aerator serves 
not only as a means of supplying air 
to the yeast cells in the liquor sub- 


fermentor is a 
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strate but also as a circulating pump 
for the emulsion. The combination of 
this type of aerator with a draft tube 
eliminates the need for chemical de- 
foamers to control foaming. 

Nutrients required for yeast growth 
are supplied to the fermentor by means 
of two solution streams. Nitrogen, in 
the form of a 20-per cent aqueous 
ammonia solution prepared from an- 
hydrous ammonia, is fed automatically. 
Besides furnishing nitrogen in an avail- 
able form this solution is also used to 
control fermentor pH. Phosphorus, po- 
tassium, and additional nitrogen, all 
in available form, is fed as a solution 
of dibasic ammonium phosphate and 
potassium chloride. Solution feed rate 
is based on the sugar content of the 
feed liquor. 

Fermentor temperature is controlled 
in the desired range by circulating the 
growth medium containing the yeast 
cells through an external tube and 
shell heat exchanger. Additional cool- 
ing during warm seasons is obtained 
by spraying cooling water around the 
outside of the fermentor walls. 

The stripped and cooled liquor is 
added to the fermentor direetly into 
the draft tube. The liquor is sterile 
and aseptic techniques are not required 
in order to maintain a pure culture of 
torula yeast growing in the fermentor. 
The fermentor feeds of stripped liquor 
and nutrient solutions are on a con- 
tinuous basis, the fermentation being 
a continuous process after the initial 
inoculation with a culture of torula 
yeast. 


Separation 


Assimilation of the sugars by the 
yeast is followed by a yeast cell sepa- 
ration process to remove yeast from 


the substrate. Continuous nozzle type 
stainless steel centrifuges are used for 
this. The yeast suspension is removed 
from the fermentor at the same rate as 
the stripped liquor feed to the fermen- 
tor. This suspension, containing 1.0- 
to 1.5-per cent dry yeast solids, is fed 


4 
j 
a 


to the primary centrifuges from a con- 
stant level headbox. Two streams are 
discharged from the centrifugal sepa- 
rators, the yeast cream containing the 
concentrated yeast solids and the efflu- 
ent which contains the substrate, freed 
of yeast cells and relatively sugar-free. 
The effluent is collected and sent to 
the evaporator plant for further proe- 
essing. 

The concentrated yeast suspension or 
yeast cream is collected, diluted with 
water, and pumped to additional con- 
tinuous centrifuges used as washing 
stages. Depending on the final yeast 
product desired, the yeast cream re- 
ceives One or more washes, each stage 
consisting of a continuous centrifuge. 
Following the last washing stage the 
yeast cream is pumped, undiluted, to 
agitated stainless steel tanks. The 
dried yeast solids concentration in the 
last stage yeast cream varies from 12 
to 15 per cent. 

The final washed yeast cream is 
pumped from the storage tanks to two 
drum rotary dryers for drying. The 
drums are east iron, 314 ft by 10 ft, 
and are steam heated at 90 psi. The 
dried yeast is removed from the drums 
by a doctor blade, is sereened and 
passes into a hopper from which it is 
packaged in multiwall bags, fiberboard, 
or steel drums. The final product is 
nonviable and contains 6 to 8 per 
cent moisture. 


Calcium Lignosulfonate Production 


The search for useful lignin eom- 
pounds derived from spent sulfite liq- 
uor has been going on for many years. 
One of the major problems has been to 
obtain these lignin materials in econ- 
centrated or dry form at a cost suffi- 
ciently low to allow marketing at com- 
petitive prices with materials which 
they are meant to replace. or in areas 
where only these lignin compounds 
possess the required characteristics. 
In both instances, large volume out- 
lets are a prerequisite. 

The major technological stumbling 
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block, until recent years, had been the 
development of a satisfactory solids 
concentration technique. Evaporation 
techniques, which offered the most at- 
tractive approach, were initially un- 
satisfactory because of the calcium sul- 
fate sealing problems of evaporator 
tubes and surfaces inherent in the 
evaporation of calcium base spent sul- 
fite liquors. Initially, conventional 
evaporators were used but these had to 
be shut down at frequent intervals to 
remove the calcium sulfate scale which 
formed. This was a very inefficient 
and costly procedure. 

The calcium sulfate seale problem 
encountered in evaporating caleium 
base spent sulfite liquors was solved 
in Sweden during World War II. Sev- 
eral processes became available at that 
time, the most successful being the de- 
velopment of the Rosenblad channel 
switching evaporators. The responsible 
factors for this technological break- 
through in Sweden stemmed from two 
sources, both of which were important 
because of the Swedish economie strue- 
ture but of practically no importance 
in the United States. The high cost 
of fuel in Sweden behooved their sul- 
fite pulp industry to look toward re- 
covering the heat value of the organic 
constituents of their spent sulfite liq- 
uor. Further, because of the shortage 
of industrial aleohol the sugar content 
of the spent sulfite liquors became a 
very attractive souree of aleohol, in 
fact, the major domestie souree in 
Sweden. 

The development of this type of 
evaporation unit created the stimulus 
to evaporate desugared spent sulfite 
liquor, primarily for the preparation 
of caleium lignosulfonates for indus- 
trial applications. The installation in 
1952 of a Rosenblad channel switching 
evaporator * system marked the first 
such installation in the United States. 

Two types of calcium lignosulfonates 
are manufactured from the desugared 

* General American Transportation Corpo 
ration, Chieago, Tl. 
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spent sulfite liquor, designated as 
Toranil A and Toranil B. The former 
is a liquid concentrate containing 50- 
per cent solids while the latter is a 
dry powder containing approximately 
6-per cent moisture. Toranil A is a 
coffee colored, viscous liquid with a 
characteristic tart odor, a specific grav- 
ity of 1.24 with a pH of approximately 
4.5. Toranil B is a free-flowing, light 
tan powder with a pH of 4.5 in solu- 
tion. It is water soluble in all pro- 
portions and virtually non-hygroscopic. 
On a dry solids basis, the Toranil prod- 
ucts are 96-per cent calcium ligno- 
sulfonate and 4-per cent total carbo- 
hydrates, including 1.2 per cent as 
reducing sugars (glucose). Based on 
an ash content of 17.3 per cent, the 
ash constituents are shown in Table 

Toranil has been employed as an 
organic reducing agent. On oxidation, 
it yields various aldehydes, phenols, 
acids, and eyclie alcohols. Toranil ex- 
hibits wetting and dispersing action on 
a large variety of materials. The num- 
ber and variety of hydroxyl groups are 
believed responsible for the fixation of 
collagen observed in certain types of 
tanning reactions. Its present uses in- 
clude adhesives, binding agents, dis- 
persants, core binding, refractory ma- 
terials, resin extenders, boiler water 
treating compounds, oil well drilling 
muds, cement additives, dye mordants, 
emulsifiers, foaming agents, foam sta- 
bilizers, sizing agents, and as a chemi- 
cal raw material. 


Evaporation Plant Facilities 
Description 


A schematic flow diagram of the 
evaporation plant facilities is shown in 
Figure 3. The evaporator installation 
is a four-body triple effect evaporator 
of a flat plate heating surface type 
embodying the Rosenblad channel 
switching system. Construction ma- 


terials are entirely of Type 361 stain- 
less steel. 


Total heating surface is 
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TABLE III.--Constituents of Ash in Toranil 
Products (Total Ash, 17.3 per cent) 


Constituent Per Cent 

Calcium and magnesium 

as oxide 7.50 
Sulfate (as SO,) 8.70 
Silica (as SiO.) 0.60 
Iron and aluminum 

(as oxide) 0.27 
Iron and aluminum 

(as phosphate) 0.03 
Insolubles O17 
Trace materials 

(Cl, Naz), (KO) 0.03 


4,650 sq ft, equally divided among the 
three effects. Steam supply to the 
evaporator is 125 psi and operating 


pressures range from 25 psi to a 
vacuum of 26 in. of mereury. The 


torula yeast plant effluent, which is 
the feed source to the evaporators, 
comes to the unit at approximately 
90°F. Essentially, the evaporator com- 
prises a series of vapor bodies with 
separating chambers of ample propor- 
tions to permit the boiling spent liquor 
to release its vapors, plus heating ele- 
ments utilizing flat plates for heat 
transfer surfaces and_ recirculation 
lines extending from the lowest point 
in the vapor body to the bottom of 
the heating element to permit adequate 
recycle of liquor for wetted surface 
evaporation. 

The fundamental design change for 
this type evaporator is in the form of 
the heating surface, comprising flat 
plates rather than tubes. These plates 
consist of long rectangular sheets 
placed face to face, separated from one 
another by suitable spacers and sealed 
one from the other so as to form a 
channel between each pair of plates. 
The number of plates so arranged de- 
pends on the amount of heating surface 
required for the evaporation duty. 
This assembly of plates is enclosed by 
a reinforcing shell to provide adequate 
strength against any pressure condi- 
tions imposed on the equipment. In 
all cases, an odd number of plates is 
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employed thereby creating an even 
number of channels. By suitable par- 
titions at the ends of the channels, 


every other channel receives vapor or 
steam the heating medium and 
through the alternate channels the liq- 
our being evaporated is circulated. 


as 


Operation 


Operation of the evaporator proceeds 
in the usual fashion. Steam is intro- 
dueed at the first effect and condensed 
vapors the last effect produce 
desired vacuum while liquor is trans- 
ferred in a manner best suited to its 
characteristics. 


from 


As evaporation pro- 
ceeds, scale gradually forms on the 
At the end of a 
specified time, six hours in this in- 
stance, the liquor side of the units is 
switched with the steam 
side, by means of reversing valves at 
each end of the multiple effect units. 
This is accomplished by a quick shut- 
down during which liquor is_ trans- 
ferred to what has been the steam side. 


heating surfaces. 


condensing 


Steam or Vapor 


FIGURE 3.—Schematic flow diagram of evaporation plant facilities. 
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Condensate 


Upon starting up again, it follows that 
all portions of the equipment pre- 
viously subjected to scaling due to the 
presence of boiling liquor are now be- 
ing washed by condensing vapors and 
reeycled before 
withdrawal and mixed with vapors en- 
tering each heating element. 

The net effect of this switching cycle 
is to create a washing of all surfaces 
which in the prior operation had_ be- 
come fouled. Further, the washing 
proceeds simultaneously with normal 
evaporation, resulting in continuous 
cleaning of heating surfaces. Seale is 
actually removed by a dissolving aec- 
tion, the switching interval being set 
by a very safe relationship developed 


condensate which is 


from rate of scale formation and rate 
of scale removal by washing. The chan- 
nel switching operation consumes a to- 
tal time of 45 min day. 
on 


Depending 
the characteristics of the liquor 
being evaporated, scale buildup of as 
much as one-eighth inch in some parts 
of the evaporator has been experienced 
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TABLE IV. Operating Results 


Item a Operating Conditions 
Feed 39,400 | 8.5-per cent solids, 90°F 
Product 6,700 50 -per cent solids, 185°F 
Evaporation 32,700 
Steam 11,580 125 psi 
Economy | 2.82* 


*lb water per pound of steam. 


in a six-hour operating period. The 
scale is a typical white calcium sulfate 
incrustation. 

Based on the production of approxi- 
mately 80,000 Ib/day of calcium ligno- 
sulfonate solids from a feed source at 
8.5-per cent solids concentration, the 
following average operating results are 
shown in Table IV. 

The spent liquor at 50-per cent solids 
concentration and 185°F is discharged 
from the evaporator into two storage 
tanks. From these storage tanks the 
evaporated liquor can be loaded di- 
rectly into tank ears (Toranil A) or 
it ean be fed to two steam heated (90 
psi) double drum dryers for drying to 
a powder (Toranil B). The dried 
powder is then processed through an 
impact mill, into a storage hopper from 
where it is packaged in multiwall paper 
bags for shipment. Facilities are also 
available for burning the evaporated 
liquor in a furnace for recovery of the 
heat value of the organic constituents. 


Performance 


Operating results for the torula 
yeast plant at Rhinelander Paper Com- 
pany show a 60-per cent reduction in 
BOD of the spent sulfite liquor treated. 
However, reduction in the sugar con- 
tent of the liquor approaches 90 per 
cent. The lower figure for BOD re- 
duction is due to the fact that there are 
significant quantities of BOD produe- 
ing substances in the liquor which are 
not assimilated by the yeast cells. It 
is probable also that some compounds 
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are only partially assimilated, leaving 


residues which exert a BOD in the 
final effluent. In addition to the BOD 
and sugar reductions, there is a 15-to 
20-per cent reduction in total solids 
of the spent sulfite liquor. 

Based on a_ fermentor (aeration 
tank) capacity of 6,000 eu ft (45,000 
gal) and a total loading of 32,000 Ib 
BOD per day (average liquor BOD is 
0.262 lb/gal and average flow rate is 
85 gpm), the routine loading of the 
yeast production process is 5.43 Ib 
BOD per cubie foot of fermentor ea- 
pacity per day. Based on the 60-per 
cent BOD reduction efficiency, the re- 
moval is 3.26 lb BOD per cubic foot of 
capacity per day. Dry yeast cell yield 
(daily production of yeast is 12,000 
Ib) per pound of BOD loaded is 0.375 
Ib and per pound of BOD removed, 
0.63 Ib. 

Since the yeast plant effluent is given 
supplementary processing in the evapo- 
ration plant, BOD reauction of the 
spent sulfite liquor processed is virtu- 
ally 100 per cent. This is likewise true 
for the sugar and total solids content 
of the liquor. 
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In Charge, Waste 


There is need for an understanding 
of industrial processes, water demands, 
and waste discharges of some of the 
lesser known types of manufactories. 
This need may grow as the limits of 
water resources are reached and as the 


practice of waste treatment is in- 
creased for the protection of down- 
stream water users. One of these 


smaller industries is the production of 
corn chips. 


Plant Process 


The paucity of information on corn 
chip processing in the literature is un- 
derstandable considering the recent de- 
velopment and promotion of the prod- 
uct. A Mexican-type food, the corn 
chip had its start in the early 1930’s 
and has since blossomed to a national 
product. 

The basic ingredients are white and 
yellow corn. The desirable moisture 
content of the corn ranges from 12!4 
to 14 per cent. 

Whole kernel corn, added to a so- 
lution of lime water, is boiled in ket- 
tles. It is allowed to during 
which time the moisture content of 
the corn increases. The soak water 
is discharged and the corn is washed 
to remove husks and tips; some liquor 


The washed corn is 
ground and pressed to form a dough. 
Some liquid waste is discharged in the 
grinding process. The dough is then 
extruded in chip form to deep fat 
cookers and, after cooking, the finished 
chips are packaged. The final product 


is also removed. 


* Presented at the Ohio Sewage and Indus- 
trial Wastes Treatment Conference; Cincin- 
nati, Ohio; June 17-19, 1959. 
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Taft Sanitary Engineering Center, 


contains one per cent moisture and 
about 36 per cent oil. Figure 1 pre- 


sents a flow diagram of the process in- 
dieating water and 
wastes. 


use sources of 


Method of Study 


Wastes from a corn chip plant were 
sampled on a 24-hr basis for five con- 
secutive days. Analyses included BOD 
and suspended solids; water use was 
recorded. Data on materials and pro- 
duction, secured from the corn chip 
plant, included weight of corn proc- 
essed and content, weight of 
chips produced, oil and moisture con- 
tent of the finished chips, and proces- 
sing details. Results were compiled on 
the basis of a production unit of 1,000 
lb of corn processed. 


solids 


A determination 
was made of the 5-day BOD of whole 
corn, permitting correlation of the ob- 
served BOD in the sewer with that esti- 
mated from the loss of corn solids. 

the BOD of whole 
weight of corn was 
ground in a mortar and blended to a 
measured volume of mixture. 


To ascertain 
corn, a known 
A por- 
tion of the blended mixture was used 
for a BOD determination according to 
“Standard Methods.’’ The dry solids 
content of the corn was deter- 
mined. The pounds BOD per pound 
dry solids could then be ealeulated. 


also 


Results 


Unit values relating to plant op- 
eration are presented in Table I. 

Each 1,000 lb of corn yields approxi- 
mately 756 lb of corn solids. The popu- 
lation equivalent for each 1,000 lb of 
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corn processed, based on 
about 380 and, based 
solids, about 370.* 


BOD,* is 
on suspended 


BOD from Solids Balance 

Processing capacity may be expected 
to vary from plant to plant. However, 
some representative values will indicate 
the scope of the waste problem. A 
plant processing 2,000 lb/day of corn 
may discharge 5,600 gpd of waste with 
about 126 lb BOD or a waste equiva- 


STORAGE 


Ca(OH), 


FIGURE 1.—Corn chip process flow 
diagram showing water uses and waste 
sources. 


lent to a population of 760, and 150 lb 
of suspended solids, equivalent to a 
population of 750. A 10,000-lb/day 
plant will discharge 28,000 gal having 
a BOD of 630 lb (3,780 population 
equivalent) and 750 Ib of suspended 
solids (3,750 population equivalent). 

A study of potato chipping wastes 
(1) indicates that the strength of 
wastes discharged can be approximated 

* Population equivalent of 5-day BOD = 


0.167 Ib; population equivalent of suspended 
solids = 0.20 Ib. 
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TABLE I.— Wastes Discharged per 1,000 Ib 
Corn Processed 


5-day BOD Suspended Solids 


Ib mg/l Ib 


| 
2,700 | 


63.1 | 3,220 | 74.8 


from an evaluation of the process and 
a determination of the solids reaching 
the sewer. Accordingly, the corn chip 
process was also evaluated on a dry 
solids basis and the estimated waste, 
based on solids discharged, was com- 
pared with the waste collected from 
the sewer. 

Results of this evaluation are pre- 
sented in Table II. 

A separate analysis of whole corn 
indicated (a) 5-day BOD of 473,000 
mg/l, and (b) solids content of 82.25 
per cent. Therefore, for each pound 
of dry corn solids a 5-day BOD of 
0.575 lb will be exerted. This value 
may be compared to 0.453 lb BOD for 
a pound of dry potato solids (1). 
Based on the pounds of dry corn solids 
lost (Column 3), the amount of BOD 
discharged is 65.6 lb (Column 4). 
Column 5 gives the amount of BOD 
obtained from the sewage analyses — 
63.1 lb. The closeness of these results 
indicates the validity of using the 
solids balance for estimating strength 
of wastes in the absence of laboratory 
data. 

This method may be formulated as 
follows: 


X = B(mC — D) 
where 


X = Pounds 5-day BOD discharged 
in the waste per day, 


C = Pounds of corn processed per 
day, 


m = Per cent dry weight of corn, 


D = Dry corn solids produced per 
day, and 


B = Pounds 5-day BOD per pound 
dry solids of corn = 0.575. 


Waste 
Flow — 
(gal) 
cooK | 
: SALT 
sewer 
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TABLE II.--Solids Balance and BOD Rela- 
tionship per 1,000 lb Corn 


(Ib) (ib) ib tb) (Ib) 

) 3 

870 | 756 114 65.6 63.1 

* Moisture content = 13 per cent. 

t Pounds 5-day BOD per pound dry solids 
= 0.575. 


For example, it may be desirable to 
evaluate wastes from a corn chip plant 
that processes daily 6,000 Ib of corn 
having an 86 per cent solids content. 
It will be assumed that the dry solids 
produced amount to 4,460 lb. The 
BOD discharged may be estimated by 
utilizing Equation 1 and the result is 
402 lb of 5-day BOD discharged in 
the waste per day. This amount of 
BOD would be equivalent to a popula- 
tion of 2,400. 


Discussion 


It is recognized that the study of a 
single plant may not develop factors 
applicable to other installations. How- 
ever, calculation of wastes on a dry 
solids reasonable and 
should general value. This 
was shown in a more extensive study 
of the potato chip wastes (1 Sanitary 
wastes and miscellaneous housekeeping 
may influence the amount and strength 
of waste from a plant although it is 
probable that influences 
minor. 

There is a lack of published data 
relative to corn chipping processing 
and wastes. <A 


basis appears 


prove ot 


these are 


recent article (2) on 
the preparation of tortillas describes 
home processing of this food in Mexico. 
The handling of the corn to obtain 
tortilla dough appears similar to that 
employed in preparation of the dough 
for corn chips. Tortilla preparation 
involves the addition of one part whole 
corn to two parts of a cent 
lime solution. The mixture is heated 
to 80°C for 20 to 45 min and allowed 


one-per 
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to soak overnight. The liquor is de- 
canted and the corn, now referred to 
as ‘‘nixtamal,’’ is washed two or three 
times. The nixtamal is then ground to 
dough called ‘‘masa.’’ The 
dough is cooked on both sides on an 


fine 


iron plate to make tortillas. An ex- 
perimental preparation (2) of masa 
from white corn with 15.9 per cent 


moisture resulted in average total sol- 
ids lost of 17 per cent. 
yellow corn with 12.2 per cent moisture 
resulted in average total solids lost of 
14 per cent. This amounts to a solids 
loss of 148 1b/1,000 lb white corn and 
123 1b/1,000 lb yellow corn, compared 


Processing 


to 114 lb loss from corn chip manu- 
facturing, a reasonable comparison con- 
sidering process variations. 

A study of wastes associated with 
the dehydration of hominy (corn) by 
DeMartini, Moore, and Terhoven (3) 
indicates the weight in pounds of BOD 
discharged per 1,000 lb of hominy is 
126. This amount is twice that from 
corn chipping, which is not unreason- 
able in view of the more complicated 
chemical and mechanical processing in 
dehydrating hominy. 

In corn chipping, water is used pri- 
and washing the 
corn, washing equipment, and for gen- 
eral cleanup. 


marily for soaking 


Good housekeeping may 
reduce somewhat the volume of water 


used. A certain amount of waste ma- 
terial will require treatment. Dis- 
charge to municipal sewerage when 


available is probably the best disposal 
method. Treatment methods that may 
be considered, where treatment is 
waste stabilization 
ponds, land application or spray irriga- 
tion, and trickling filters. The waste 
disposal problem should be one of the 
factors controlling of the 
plant site. 


necessary, are 


selection 


Summary 


A study was made of a corn chip 
plant to observe plant processes and 
to obtain data on water use and waste 
parameters based on unit production. 
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The study involved analysis of data 
from a waste survey of a corn chip 
plant and correlation of data with pro- 
duction figures and processing methods. 

Wastes originate primarily from the 
soaking, grinding, and washing opera- 
tions, and from cleanup. Unit param- 
eters evolved from the study, based 
on 1,000 lb of corn processed, are (a) 
flow in gallons, 2,800; (b) 5-day BOD, 
63 lb (population equivalent of 380) ; 
and (c) suspended solids, 75 lb (popu- 
lation equivalent of 370). 

Estimates of plant waste may be ob- 
tained without a sampling study if the 
process is evaluated on a dry solids 
basis. Excellent correlation was ob- 
tained by comparing the pounds of 
BOD per 1,000 lb of corn processed, 
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calculated from the weight of solids 
lost to waste—65.6—with the pounds 
of BOD in the sewer—63.1. The dry 
solids balance is computed by using 
the dry solids content of the corn and 
the chips, and allowing for the oil in 
the finished chip. The pounds of dry 
corn solids lost to waste times the fac- 
tor 0.565 Ib BOD per pound of dry 
corn solids results in the pounds of 
BOD discharged. 
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BOND SALES IN THE U. S$. 


The Public Health Service has recently released a publication entitled 
‘*Water and Sewage Bond Sales in the United States July 1956—June 


1959.’’ 


This is a 25-page publication, mostly tabular, which gives list- 


ings of water and sewage bond sales by the following categories: (a) 
by population size groups, (b) by months, (c) by issuing authority, 
(d) by type of issue, (e) by States, and (f) by net interest cost ranges. 

The Service has stated that they except to continue this program of 


compilation and data assembly for use by anyone interested. 


should be directed to: 


Inquiries 


U. S. Department of Health, Education, and Welfare 


Public Health 
Bureau of State Services 


Service 


Division of Water Supply and Pollution Control 


Basie Data Branch 
Washington 25, 
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Stream Pollution 


By A. J. WILEY 


COMMERCIAL-SCALE OPERATION OF TURBINE 
AERATION ON WISCONSIN RIVERS * 


AND B. F. Lueck; anp R. H. Scorr anp T. F. Wisnirewsk1 


Respectively, Sulphite Pulp Manufacturers’ Research League, Appleton, Wis.; and 


This paper is the fifth in a series 
describing cooperative state-industry 
stream studies conducted jointly by 
the Wisconsin Committee on Water 
Pollution, the Sulphite Pulp Manu- 
facturers’ Research League, and indi- 
vidual producing units of the Wiscon- 
sin pulp and paper industry. This is 
particularly concerned with results of 
commercial-scale testing of turbine 
aeration which mechanically introduces 
oxygen from atmospheric air to flow- 
ing waters which have been deoxy- 
genated to critical low levels of dis- 
solved oxygen in the course of micro- 
biological self-purification. Extensive 
commercial-seale tests were conducted 
during the summer of 1958 on three 
Wisconsin rivers subjected to heavy 
loadings of oxidizable organic matter 
derived from the wastes of nature and 
from man-made sources. 

The study of stream conditions has 
been a joint venture for many years 
by the cooperating agencies. Early 
studies were primarily of a qualitative 
nature. In 1955, an intensive program 
was jointly organized to develop data 
of more quantitative nature and in 
much greater scope and detail than 
any of the agencies operating indi- 

* Presented at the 14th Purdue Industrial 
Waste Conf.; Purdue University, Lafayette, 
Ind.; May 5-7, 1959; under the title ‘‘Co 
operative State-Industry Stream Studies in 
Wisconsin. V.Commercial-Seale Operation of 
Turbine Areation on Wisconsin Rivers.’’ 


Wisconsin Committee on Water Pollution, Madison, Wis. 
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vidually could undertake. It became 
important to obtain information as to 
the conditions and degree of pollution 
which prevailed in each stream during 
different periods of the year, and the 
effect of physical factors including 
stream flows, water temperatures, and 
loading rates. 

The organization of these studies 
was described in the first paper (1), 
and the second paper (2) summarized 
extensive data obtained from  cross- 
sectioning of the Lower Fox River at 
nine stations distributed along the 39- 
mile length of that stream. 

With this information as a_ base, 
studies conducted during the second 
year of the program were directed 
toward determination of the stream 
purification capacity for several Wis- 
consin rivers (3). It was then pos- 
sible to evaluate more completely the 
working load of these various rivers 
quantitatively in terms of the amount 
of oxidizable organie matter entering 
these streams and its relation to the 
working capacity of the streams for 
handling the loading received. It was, 
for instanee, shown that as much as 
480 tons of ultimate BOD was present 
in the Lower Fox River between Sta- 
tions 6 and 7 daily during one of the 
survey periods, and that downstream 
stretches were able to reduce that 
loading by as much as 325 tons daily 
at an apparent purification capacity 
rate of 36,000 lb ultimate BOD at 
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flow rates of 1,000 cfs in each mile of 
flowing water. These rates were de- 
termined during warm weather when 
water temperatures reached 28°C. It 
was realized, of course, that many fac- 
tors, including a variety of intangibles, 
enter into the over-all picture leading 
to high rates of self-purifieation within 
the river waters, but it was possible 
for stream pollution control authori- 
ties to ealeulate (4) the oxygen de- 
ficiencies and to suggest more exactly 
the corrective measures needed to 
overcome and reduce the load on these 
rivers and also to suggest ways in 
which the oxygen deficiency of the 
waters might be reduced or alleviated 
through development of methods for 
introducing oxygen to the stream by 
artificial means. 

These same cooperating agencies had 
for some years been studying the praec- 
tical possibilities for mechanical re- 
aeration of a river through ecarboron- 
dum air diffusion units distributed 
across the headrace and tailrace of the 
Pixley Dam on the Flambeau River 
near Park Falls, Wisconsin (5). 
Aeration had been conducted each year 
from 1945 through 1956, during the 
critical season of low dissolved oxygen 
at that location. The experimental 
program had indicated that approxi- 
mately 10 per cent of the oxygen in- 
troduced by that method could be ab- 
sorbed, but although there was _ evi- 
dence of an improvement in stream 
conditions, it was apparent that large 
amounts of air would need to be intro- 
duced more efficiently to achieve the 
desired results. 

The fourth paper in this series (6) 
described preliminary research and de- 
velopment studies of turbine aeration 
as an improved method for introducing 
oxygen into river waters during eriti- 
eal periods of low dissolved oxygen. 
Those preliminary studies have since 
been expanded (7) to include more 
extensive commercial-seale tests of tur- 
bine aeration which are the subject 
for this paper. It can now be shown 
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that the use of turbine aeration can 
be employed feasibly and economically 
to introduce oxygen at hydroelectric 
power dams with little extra expense 
or modification of existing equipment, 
and with reasonable operating costs. 
Turbine aeration now appears to be 
an important development which will 
be used increasingly wherever dams 
and suitably designed turbines are 
available to relieve critical conditions 
of stream pollution and to increase the 
capacity of rivers for self-purification. 


Review of the Data 


Turbine aeration studies during the 
summer of 1958 were conducted at 
six sites on three different rivers in 
Wisconsin. The most detailed data 
are available from a series of 25 
analytical runs made during that sum- 
mer’s operation at the Pixley Dam 
on the Flambeau River. The data 
from this series of studies were ob- 
tained by methods identical or closely 
comparable to those used in previous 
tests over the past 15 years at this 
location, and to a lesser degree the 
studies reported for other locations 
ean also be compared with stream 
study data available from prior years 
(8)(9) (10). 

The Flambeau River at this station 
has been shown to have long-time aver- 
age flows exceeding 600 efs 50 per 
cent of the time and 150 efs 95 per 
cent of the time, and the average flows 
during this period were 407 efs. This 
dam is equipped with three power 
units, of which the No. 6 Morgan 
Smith horizontal unit with double run- 
ner and a Francis type wheel was 
used for all 25 runs. The unit pro- 
duces 450 kw with 21.6-ft hydraulic 
head at full gate opening. This power 
dam is owned and operated by the 
Flambeau Paper Division of the Kan- 
sas City Star Company. Tests were 


conducted jointly by the staff of that 
mill with field crews from the Wis- 
consin Committee on Water Pollution 
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and the Sulphite Pulp Manufacturers’ 
Research League. 

On the Wisconsin River, aeration was 
conducted at different locations. 
On the upper reaches of the stream, 
a few miles below Rhinelander, Wis- 
consin, conducted at the 
Hat Rapids Dam owned by the Wis- 
consin Public Service Corporation in 


two 


tests were 


a project sponsored by the Rhinelander 
Paper Company Division of the St. 
Regis Paper Company. Average flows 
on the Wisconsin River at this point 
are 950 efs 50 per cent of the time 
and 449 efs 95 per cent of the time. 
The average flow through the turbine 
during the period of the tests 


was 
338 efs. All tests were conducted on 
No. 2 turbine, which is a horizontal 


type unit with multiple runners and 
with a production capacity of 320 kw 
at 20-ft hydraulic head. 

Downstream on the Wisconsin River 
additional studies were conducted dur- 
ing the summer months for the second 
year by the research and 
engineering staff of Marathon, a Di- 
vision of American Can Company, at 
Rothschild, Four Leffel 
horizontal turbines were used for aera- 
tion at this location. The fifth verti- 
eal unit is to be modified for aeration 
in the near future. Each horizontal 
unit developed 800 kw at 20-ft oper- 
ating head. Stream flow averaged 
1,762 efs for the entire period of the 
summer 


suecessive 


Wisconsin. 


runs. 

Turbine aeration was conducted on 
three dams on the Lower Fox River. 
At Kimberly, the Kimberly-Clark 
Corporation operated an Allis Chal- 
mers turbine with variable 
pitch propeller for the second summer 
turbine 
7-wk period. 


vertical 


during a 
The dam at this location 
9-ft head, and the 
average stream flow was 1,219 efs dur- 
ing the 7 This 
turbine can 


season of aeration 


operates with a 
weeks of operation, 
1,300 efs. 
Downstream, the City of Kaukauna 
Electric and Water Utility operates the 
Rapide Croche Dam midway between 


pass 
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the Cities of Kaukauna and Wrights- 
town. Two series of tests were con- 
ducted on turbine aeration at this dam. 
Preliminary tests early in June 1958 
were completed by the representatives 
of the Water Pollution Committee and 
the Sulphite Pulp Manufacturers’ Re- 
search League. Later in the season a 
four-week sustained operation study 
was conducted jointly by the Kau- 
kauna utility and representatives of 
the Thilmany Pulp and Paper Com- 
pany. An 800-kw Allis Chalmers ver- 
tical turbine with variable pitch pro- 
peller was used in these studies and 
operated with an &8-ft head, with an 
average stream flow of 1,040 efs. 

Still further tests of 
turbine aeration conducted at 
Little Rapids Dam by the Charmin 
Paper Products Division of the Proe- 
ter and Gamble Company. Tests at 
this location were very preliminary 
and are as yet somewhat inconclusive 
in that conditions not previously stud- 
ied were being evaluated. The prin- 
cipal problem at this dam lies in the 
fact that the water wheels are set at 
the level of the tail water and thus no 
suction exists for drawing air into the 
turbine. One of the five Leffel verti- 
eal type turbines having a hydraulic 
head of 7 ft was equipped with vents 
to permit into the com- 
pressor at the relatively low rate of 
105 efm. Exact measurements were 
not made of flow through the 
turbine under study, but it apparently 
was about 750 and 1,000 efm during 
the two periods of study. 

Data descriptive of the physical fa- 
cilities at the for the 
reaeration studies are summarized in 


Table I. 


downstream, 
were 


forcing air 


river 


various sites 


Summary of Dissolved Oxygen Data 


Essential dissolved oxygen data are 
summarized in Table IT. 

All of the tests were condueted with 
water temperatures running in excess 
of 20°C, and with oxygen 
levels ranging downwards from a top 


dissolved 


pte +! 
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TABLE I.—Descriptive Data on Power Dams and Turbines 


Flow (cfs) 
River and Location 50 | Type of Unit 
| Per Cent Per Cent | 
of Time of Time | 
Flambeau | 86.7 | 609 150 No. 6 Morgan Smith | 600 21.6 
(Pixley) | | horizontal double 
| | | runner, Francis type 
Wisconsin 340.0 | 950 | 449 | No. 2 horizontal mul- 320 20.0 
(Hat Rapids) tiple runner 
Wisconsin | 267.4 | 2,420 | 1,380 | Leffel horizontal turbine | 800 20.0 
(Rothschild) 
Lower Fox 26.0 3,610 | 1,250 | Allis Chalmers, vertical 900 9.0 
(Kimberly) variable pitch propeller 
Lower Fox 19.3 3,610 | 1,250 | Allis Chalmers, vertical 800 8.0 
(Rapide Croche) variable pitch pro- 
| | peller 
Lower Fox | 14.0 | 3,610 1,250 | Leffel vertical turbines 185 7.0 
(Little Rapids) ' 


average of 2.46 mg/l for the entire tively low (40 per cent or less). On 
season at Rothschild on the Wisconsin the other hand, the efficiency of oxy- 
River, to the point of complete deple- gen absorption drops off rapidly when 
tion of dissolved oxygen on the Lower the level of saturation is higher than 
Fox River at Rapide Croche. It should 40 per cent. Apparently it will not 
be noted that preliminary tests made at be found efficient or productive to 
various locations prior to these studies aerate water at temperatures above 
have shown rather conclusively that 20°C when the DO exceeds 3 mg/l. 
the efficiency of aeration may be quite Gains in dissolved oxygen concentra- 
good even at relatively high water tion shown by the tests on the Flam- 
temperature levels when the degree of beau River and at Hat Rapids on the 
dissolved oxygen saturation is rela- Wisconsin River were on the order of 


TABLE II.—Summary of Dissolved Oxygen Data for Turbine Aeration 


| 
| Avg 
No. of DO Before | DO After 
River and Location | Analytical | Aeration | Aeration | 
Oo) | Runs (mg/) (mg/l) még 
| (per cent) 


Flambeau 
(Pixley) 


| 20* 0.71 


2.22 


Wisconsin 20 If 0.58 | 2.07 1.49 15.2 
(Hat Rapids) 

Wisconsin 20 | Weekly 2.46 3.84 1.38 

(Rothschild) 

Lower Fox 20 7 Weeks 0.93 1.28 | 0.35 22.0 
(Kimberly) 

Lower Fox 20 2 0.0 | 1.35 1.55 24.9 
(Rapide Croche) | 

Lower Fox 20 | Daily 0.30 | 1.4 1.1 21.0 
(Rapide Croche) 

Lower Fox 22.5 3t | 0.26 055 | O30 | 56.0 


(Little Rapids) 


* Five additional detailed analytical runs made without aeration for comparison. 
+ Best of 9 runs to develop optimum aeration conditions. 
t Average of Runs 5, 6, and 7 from total of 9. 


| 
| 
| 
| 
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At Rothschild the dissolved 
oxygen level in the aerated water was 
raised 1.38 mg/l to an average level 
of 3.84 mg/1 for a substantial propor- 
tion of the entire stream flow where 
4 of the 5 turbines were operating 
with aeration for the entire summer. 
Dissolved data on the Fox 
River showed increases of 0.85 mg/l 
at Kimberly and 1.85 mg/l and 1.1 
mg/l at Rapide Croche. An average 
figure of 25.7 per cent for oxygen ab- 
sorption efficiency was obtained from 
the 20 carefully conducted aeration 
runs at Pixley Dam on the Flambeau 
River. An additional five runs with- 
out aeration were conducted at spaced 
intervals during the Flambeau studies 
for comparative purposes. Absorption 
efficiencies on several individual runs 
exceeded the average by appreciable 
amounts, and one of these tests ranged 
to 34.9 per cent at that location. At 
Hat Rapids the absorption efficiency 
was shown to be 15.2 per cent, the 
Kimberly run on the Lower Fox 
River, 22 per cent, Rapide Croche, 21 
per cent, and as high as 56 per cent 
was obtained in one of the prelimi- 
nary runs conducted at Little Rapids 
on the Fox River. From these data 
it seems quite probable that further 
development of equipment design and 
operation techniques may eventually 
lead to oxygen absorption efficiencies 


1.5 mg/I. 


oxygen 


in the range of 25 to 35 per cent, or 
even The high level of 56 per 
cent apparent Little 
Rapids is probably chiefly valuable in 
showing the potentials for further de- 
velopment of this aeration technique. 
That preliminary run utilized much 
lower quantities of air than were actu- 
ally justified by prevailing water con- 
ditions, and thus contributed to high 
efficiency. However, 105 repre- 
sented all the air that could be made 
immediately available from compressor 
equipment at and in the ab- 
sence of a head which per- 
mitted introduction of larger amounts 
of air under natural draft conditions 


more, 


absorption at 


etm 


hand 
suction 
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to the turbines used for the other tur- 
bine aeration runs reported. 


Summary of Power Data from 
Turbine Aeration 


Table [LL compares information ob- 
tained from the various aeration tests 
in terms of the power required to in- 
troduce a given amount of oxygen. 
These data confirm the earlier pre- 
liminary data derived from tests of 
1957 showing that the costs of turbine 
aeration would probably be economi- 
cally supportable in terms of the sub- 
stantial amounts of oxygen introduced 
to the river waters. For comparative 
purposes, the total amount of oxygen 
absorbed was calculated to a common 
factor based on pounds of oxygen ab- 
per 1,000 cfs of stream flow 
per day. It was felt that there was 
a particular need for obtaining accu- 
rate data in this category in the tests 
on the Flambeau. At other locations 
the oxygen absorbed was calculated or 
estimated as closely as the data would 
permit. The results were constant 
and from a low of 1,600 Ib 
oxygen to a high of 8,200 lb oxygen 
absorbed per 1,000 efs per day. How- 
ever, at none of these installations was 
it felt that there was the ultimate in 
design and installation of equipment 
to achieve maximum 
oxygen absorption, 


sorbed 


ranged 


efficiencies and 
and it therefore 
seems reasonable to believe that higher 
levels on the order of at least 10,000 
lb per 1,000 cfs per day can be ob- 
tained. This would amount to 1.85 
dissolved oxygen addition. 

The cost of introducing oxygen by 
turbine areation results from losses in 
turbine operating efficiency, and per- 
haps chiefly from the loss in effeetive 
throughput of water for power produe- 
tion purposes because of displacement 
of a part of the normal water flow 
by the volume of air introduced. The 
turbine, therefore, loses a proportion- 
ate amount of its power-producing Ca- 


pacity. The apparent gain in oxygen 
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TABLE III.—Summary of Power Data from Turbine Aeration 


TURBINE AERATION 


| 
Average Absorbed 

Stream Flow 
(cfs) 


River and Location 


Flambeau 407 
(Pixley) 
Wisconsin 

(Hat Rapids) 
Wisconsin 
(Rothschild) 
Lower Fox 
(Kimberly) 
Lower Fox 
(Rapide Croche) 
Lower Fox 
(Rapide Croche) 
Lower Fox 
(Little Rapids) 


7,800 
8,200 
5,920 
1,890 
7,100 
6,153 


1,602 


* Estimated. 


per kwh lost was observed in the first 
6 of the 7 studies carried out in 1958, 
and ranged from a low of 1.82 Ib 
oxygen to a high of 5.43 lb oxygen 
per kwh lost. These observations of 
the apparent losses were obtained from 
readings of panel meters on the gen- 
erators. However, hydraulic engineer- 
ing authorities who have studied these 
data are agreed that the apparent loss 
observed is without doubt substantially 
larger than the actual losses of power 
production potential. This es- 
pecially true during low water periods 
when water which cannot pass through 
the turbine due to the admittance 
of substantial volumes of air added 
to the total throughput represents a 
saving of power production potential 
at a given gate opening. In at least 
two of the turbine aeration studies 
reported in Table III, attempts were 
made by the engineers to estimate cor- 
rection factors which might apply. For 
the Flambeau River it was estimated 
that the actual amount of oxygen gain 
per kwh lost was increased from 2.50 
to 3.68 lb, or a corrective factor of 
about 33 per cent. Similar caleulations 
made for the tests at Hat Rapids on 
the Wisconsin River indicated that the 
pounds of oxygen gained per kwh 


(Ib, 
cts) 


Pounds O2 Gain 
per kwh Loss 


Per Cent Loss of Power 
Production 


Observed 


| 
10.6 | 


lost was increased from 1.82 to 5.64 
lb of oxygen. These latter data showed 
the indicated loss in power production 
potential to be one-third of the ap- 
parent loss. These four sets of data 
were recalculated to show that the 
percentage loss of power production 
by the turbine ranged from a high of 
10.6 per cent for the observed data 
at Pixley Dam to a loss of 2.3 per 
cent from the ealeulated net loss in 
the tests at Hat Rapids on the Wis- 
consin River. 

These questions concerned with the 
amount of power lost by a turbine and 
the cost of introducing a given amount 
of oxygen remain as problems to be 
further developed by later studies. 
There seems little doubt that the costs 
and the loss of power production are 
quite reasonable for the amount of 
work accomplished, but in spite of 
extensive discussion of the theory and 
practice with representatives of prin- 
cipal manufacturers of turbine equip- 
ment, consulting engineers, and uni- 
versity research authorities, it has 
proven difficult to formulate a reliable 
and common basis which could be em- 
ployed for ecaleulating these costs and 
losses. Each of the power dams and 
turbines under study have been suffi- 
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: | Observed | Cale. | Cale. 

| | 1.82 | 5.64 

5.43 | — 2.5* 

| 3.30 - 6.0 - 

| 4.07 | 8.7 ~ 

| 3.20 | 3.93 | 1 | — 
| | 


ciently different in design and oper- 
ating characteristics as to make neces- 
sary individual studies of each loea- 
tion. Eventually, it is hoped that the 
fundamentals and variables affecting 
these questions will be subject for 
careful study under controlled condi- 
tions, probably with pilot models. 


Discussion 

Evaluation of the data derived from 
commercial-scale operation of turbine 
aeration at six locations on Wisconsin 
rivers during 1958 shows that this 
method of introducing oxygen to the 
waters of a flowing stream represents 
a practical way in which critical levels 
of low dissolved oxygen may be sub- 
stantially alleviated. At the same time 
the data coupled with the closely con- 
trolled stream studies of prior years 
on these rivers indicate that the puri- 
fication capacity of the rivers may be 
substantially increased during periods 
when the streams are organically over- 
loaded. 

The use of turbine aeration appears 
especially valuable for periods of hot 
summer weather when stream flows 
are low and the waste loading intro- 
duced to the stream from natural and 
man-made sources are higher than nor- 
mal. Turbine aeration is not only low 
in its apparent operating costs, but 
where it can be applied through ex- 
isting power dam _ installations, the 
capital charge for modifying existing 
equipment or for introducing proper 
design factors into new equipment is 
also quite low and may even be neg- 
ligible. It is true that the opportuni- 
ties to take advantage of turbine aera- 
tion are usually limited by the fortu- 
nate location of those power dam 
installations which happen to be ayail- 
able in the critical areas or other de- 
sired aeration stretches of the stream. 
Turbine aeration has to be utilized 
where the stream is low in dissolved 
oxygen content, on the order of 40-per 
cent oxygen saturation or less. Such 
eritical areas are found some distances 
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down-stream from the principal sources 
of pollution. There is no practical out- 
come to be expected from attempting 
to introduce oxygen to waters with 
high levels of oxygen saturation or 
upstream from the sources of stream 
pollution. 


An additional and interesting bene- 
fit from turbine aeration has been un- 
der test on one Wisconsin river during 
the winter of 1958-59, where the level 
of dissolved oxygen had dropped to 
the critical point under low tempera- 
tures or extensive ice cover. The tests 
have progressed sufficiently far to 
make it quite apparent that turbine 
aeration may be of value for reliev- 
ing and reducing the adverse effects 
of winter ice cover and low rates of 
oxidation prevailing in waters. 
It is well known that decrease in rates 
of oxidation may extend the stretches 
of eritical low levels of oxygen far 
downstream from that observed during 
warm weather stream conditions. 
Power dams which may not be ap- 
plicable for effective turbine aeration 
in summer months may in some eases 
be found to be well located for taking 
eare of critical conditions developing 
during cold weather. 

It may be well to add with regard 
to the cost of turbine aeration that 
data are accumulating to indicate that 
power losses and costs may be pro- 
portional to the operating hydraulic 
head for the turbine used. It is in- 
teresting to note that potentials for 
aerating under conditions of low hy- 
draulie head appear practical, and 
that it may even be possible to use 
compressed air through turbines which 
are set at the level of the tail water 
and without suction head sufficient to 
draw atmospheric air into the turbine 
draft chest. However, it seems prob- 
able that the data yet to be developed 
by further tests in Wisconsin and 
elsewhere will eventually show that the 
costs will be relatively high at low 
hydraulic heads. Reported preliminary 
tests for turbine aeration at a high dam 
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with a head of several hundred feet 
have indicated that both the apparent 
and the calculated power loss were so 
small as to be negligible. 

Still another benefit which 
likely to accrue from turbine aeration 
lies in the possibility for aerating the 
deoxygenated waters drawn from the 
stratified low levels of water in deep 
lakes and Some power 
dams located at the foot of deep res- 
ervoirs are already designed to draw 
water from the lower levels, and tur- 
bine aeration could be expected to 
overcome the lack of in the 
dead waters from such im- 
poundments. Redesign of intakes 
might eventually be justified where fa- 
cilities are not already available for 
drawing off the stratified waters hav- 
ing low levels of dissolved oxygen. 


sechs 


reservoirs. 


oxygen 


released 


Among other ideas proposed as al- 
ternative methods for introducing oxy- 
gen to river waters, consideration is 
often given to the possibility that 
oxygen gas might be employed with 
greater absorption efficiency than is 
the with oxygen derived from 
atmospheric air. Under favorable con- 
ditions, tonnage oxygen can be made 
available at $20.00 per ton or less. 

The data derived from the commer- 
cial-scale turbine aeration tests indi- 
cate the entire cost of dissolving oxy- 
gen from atmospheric air might be 
expected to range from about $3.00 to 
$15.00 per ton of oxygen actually ab- 
sorbed when the base charge for power 
losses is rated at 1¢ per kwh. It, there- 
fore, seems unlikely that purified oxy- 
ven gas can be used economically to 
replace air for turbine aeration instal- 
lations, even at 100-per cent absorp- 
tion efficiency. These calculations do 
not eliminate other potentials for using 
oxygen gas for direct aeration of riv- 
The use of oxygen combined with 
a good method for dispersal may still 
be found to be relatively low cost and 
quite practical when compared with 
other methods of raising the dissolved 
oxygen content of river waters at lo- 
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eations where turbine aeration faeili- 
ties are not available. 


Future Developments of 
Turbine Aeration 


Turbine aeration is expected to con- 
tinue in operation during the summer 
of 1959 at all dams on Wisconsin rivers 
which are here reported, and plans 
have been made for new operations to 
be undertaken at several other power 
dams on the Wisconsin, Lower Fox, 
and Oconto Rivers. Outside of the 
State of Wisconsin tests are understood 
to be under way in Minnesota and 
Michigan. Commercial-scale tests are 
well advanced in recent studies by 
Wagner in Germany (7). Inquiries 
for information have been received 
from many other possible sources of 
river aeration in the United States and 
abroad. It is hoped that the various 
data can be brought together in the 
near future to help in further develop- 
ment of the design and operating prob- 
lems observed and anticipated in tur- 
bine aeration. 


Conclusions 


1. Turbine aeration appears to be 
a practical means of adding oxygen 
to waters low in dissolved oxygen 
which are passing through suitably lo- 
cated and designed hydroelectric 
power installations. 

2. Turbine aeration of rivers has 
been tested on full-scale power dam 
installations at six sites on three Wis- 
consin rivers in 1958. 

4. Where turbines are so located as 
to be able to process oxygen-deficient 
waters (40 per cent saturation or less), 
practical amounts of oxygen were 
found to be absorbed at rates ranging 
from 1,600 to 8,200 lb Os per 1,000 
efs of stream flow per day at sum- 
mer water temperatures in excess of 
20°C. 

4. Oxygen absorption efficiencies 
ranged from 15 to 35 per cent in five 
of these commercial-scale tests receiv- 
ing extended study. A brief trial in- 


: 
. 
. 


dicated even higher absorption poten- 
tials at a sixth location. 

5. Turbine aeration results in loss 
of power production, as judged by 
direct panel meter readings, from 2.5 
to 10.6 per cent. 

6. Power losses are indicated to be 
less than the observed readings because 
of saving of water stored for later use. 
The actual loss of power production 
is indicated to be one-third to two- 
thirds of the observed meter losses. 

7. Average values of from 1.8 to 5.6 
lb oxygen were found to be absorbed 
for each kwh of power loss. 

8. If firm power is valued at 1¢ per 
kwh, the cost of aeration by this 
method appeared to be in the range of 
$3.00 to $15.00 per ton of oxygen ab- 
sorbed. 

9. Turbine wheels set well above tail 
water level will produce vacuum to 
draw atmospheric air into vents to the 
draft tube. Indications are that air 
may be successfully forced to turbine 
wheels which do not produce sufficient 
vacuum for full aeration potential. 
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Much has been said about the ex- 
tremely complex nature of biological 
problems connected with pollution 
work. This is especially true of 
marine waters where, instead of a one- 
way flow and a relatively constant vol- 
ume of water, there are added the 
problems of tidal ebb and flood; hori- 
zontal and vertical mixing due to wind, 
temperature, salinity, and density. 
These forces may serve to dilute any 
waste very rapidly, or through stratifi- 
cation and low net removal serve to 
confine them to a relatively small vol- 
ume of water. This discussion will be 
confined to one aspect of the estuarine 
environment—the shellfish. 

One of the first problems facing a 
bio-assay worker is to determine the 
dilution of effluent present and where 
these wastes go. In an estuarine en- 
vironment this requires repeated, ex- 
tensive, and detailed hydrographic 
measurements which cover seasonal, 
and in some cases daily and weekly 
variations. 


Recognition and Scope of 
the Problem 


Once existence of a problem is sus- 
pected from routine field observations, 
the scope of purely biological monitor- 
ing must be expanded to determine 
whether undue mortalities, poor 
growth, poor fattening, or reproductive 
failures have occurred in shellfish. The 
percentage of mortality due to known 
predators or other factors must be 


* Presented at the 25th Annual Meeting, 
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recorded as well as numbers dead 
from unknown causes. If no assessable 
cause for the difficulty can be fixed 
and if the decline in numbers or con- 
dition appears abnormal for the par- 
ticular area, the biologist must resort 
to bio-assays to pinpoint the effects 
of natural environmental factors and 
of industrial wastes present. The 
symptoms observed may be acute and 
thus lend themselves to short-term bio- 
assays or they may be of a chronic 
nature and be approached only 
through long-term, low concentration 
bio-assays. 

Three types of bio-assays are neces- 
sary to permit bridging the gap be- 
tween purely laboratory work and the 
opinions of the observer in the field. 
Procedures are known for use in ap- 
plying laboratory bio-assays to specific 
effluents under carefully controlled eon- 
ditions. Short-term effects of high 
and low concentrations of a particular 
industrial waste are perhaps the 
easiest to conduct and can be com- 
pleted in a matter of hours or days. 


Laboratory Bio-Assays 


Another technique, originated by 
Lousonoff, bears mentioning in some- 
what more detail. This one concerns 
the use of oyster or clam larvae as a 
bio-assay tool. These bivalve organ- 
isms are known to be highly sensitive 
to foreign materials in the water 
and in addition they have the ad- 
vantage of a larval life usually less 
than 30 days and an egg development 
period of 48 hr. They are, in fact, 
so sensitive that development of suc- 
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cessful culturing procedure re- 
quired a great deal of time and effort, 
since it is consistently necessary to 
produce spawning of the adult, sue 
cessful 


vrowth, and 


ege development, normal 
larvae. 


The bio-assay is then conducted using 


survival of 


200d 
control and test groups of larvae from 
a single spawning and subjecting them 
to various concentrations of the efflu- 
ent under test. Criteria of effect on 
shelled larvae include survival, rate 
of growth, feeding activity, and per 
cent misshapen larvae. <A 43-hr_ bio- 
assay may also be made using per cent 
survival of the embryo from fertiliza- 
tion to the shell. 
The normal development 
in comparison to controls 
found to be excellent means of 
determining relative toxicity. 


formation of larval 
percentage 
has been 


al 


Long-term effect of various concen- 
trations of effluent can be done on vari- 
ous age classes of juvenile and adult 
animals in the laboratory. In the ease 
require from 
three to four years for a single bio- 


of oysters, these may 
assay Since it is necessary to carry out 
research of this type through the en- 
tire life cycle. Concentrations used 
must be rigidly controlled so that the 
required ean be maintained 
steadily at all times. As an example 
the group at the Washington Depart- 
ment of Fisheries Shellfish Laboratory 
near Quilcene is at present conducting 
research on the effects of sulfite pulp 
liquor on Olympia and Pacific oysters. 
Results of field hydrographie surveys 
have that there test 
concentrations ranging from 2 to over 
100 mg/l, based on pit 
containing 10-per total 
The effects of these concentrations will 


levels 


shown must be 


blow liquor 
cent solids. 
not be measured merely in terms of 
survival or mortality, but in addition 


the effect on growth, feeding rates, 
histological conditions of the body 
organs, and development of reprodue- 
tive material will be recorded and 


At the termination of each 
the experiment, condition or 


evaluated. 
part of 
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fatness of test and control groups of 
oysters will be determined. 
tations of 


The limi 
tests as are outlined 
here center around the ability to sup- 
ply adequate environmental conditions 
for the experimental animals. 


such 


Lagoon Bio-Assays 


One method for relating results of 
laboratory tests to field conditions is 
by use of a lagoon which provides a 
semi-controlled natural environment. 
There is such a place next to the 
Quileene laboratory. This 214-aere la- 
goon is divided by a polyethylene mem- 
brane into two sections. In the initial 
test one side was polluted to 40 mg/l 
sulfite waste liquor and the control side 
left unpolluted. During the ex- 
periment free water exchange with 
Ilood Canal was prevented by keeping 
the tidal gates closed. 

Initial 400 Olympia 
oysters were introduced into each side ; 
one week later 350 were placed in each 
One month after the beginning 
of the experiment, 100 oysters were 
removed 
sequent 


Was 


groups of 


side. 


and at sub- 
lots of 50 
In addition to 
regular weekly mortality checks, meas- 
urements of growth, mortality, fatness, 
and reproductive condition were made 
The 
experiment was terminated after all 
detectable pollution had disappeared. 


from each side 


weekly intervals 
oysters were removed. 


on each lot of oysters removed. 


Field Bio-Assays 


Field bio-assays are directly ap- 
plicable to some types of problems 
such as those associated with acute 
toxicity. However, to have meaning 


they must be related to laboratory and 
lagoon studies. Probably the best type 
of field bio-assay involves the continu- 
ous measurement of environmental 
conditions over a long period of time. 
In the simplest terms it is a continuing 
ecological survey taken quantitatively 
at specifie stations. Data taken 
which will permit measurement and 
interpretation of the changes in the 


are 
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environment. As an example, the 
Quileene group is taking monthly 
measurements of fatness of oysters on 
a statewide basis; and of growth, fat- 
ness, and mortality in limited areas. 
Broad annual coverage is achieved by 
measuring growth, fatness, and mor- 
tality of all year classes present on 
every major oyster bed in the state. 
Monthly, annual, and _ intermittent 
data provide a picture of the changes 
in the oyster populations for the areas 
in each of the bays where observations 
are continued. It should be pointed 
out that of all commercially important 
organisms in the marine environment, 
clams and oysters are best suited for 
the field bio-assay. Their sedentary 
habits automatically fulfill three major 
bio-assay requirements; namely, ease 
of recovery for evaluation, assurance 
that the individuals are being 
evaluated at all times, and inability to 
avoid, even for a short time (through 
migration), any of the factors affeeting 
the environment. 

Another example is afforded by 
work being done in one of the bays 
of southern Puget Sound. In that bay 
has been established a number of sta- 
tions covering various tidal levels in 
all parts of the bay. Quantitative 
measurement of the changes in animal 
and plant populations is made at each 
of these stations, with particular ref- 
erence to oysters and clams. At the 
same time, continuous data on water 
properties are maintained in this bay. 
Results of all field bio-assays will be 
compared to observed changes in eli- 
mate, hydrographie conditions, bottom 
conditions, predation, disease, plank- 
ton, and industrial waste discharge. 

Still another method by which field 


same 
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bio-assays may be carried out is by 
the use of floating and fixed live boxes 
which can be used for oysters, clams, 
and swimming fish; and by growth 
plots on the bottom which can be used 
for oysters and clams. The technique 
for conducting bio-assays of this type 
is actually very simple since it is 
merely necessary to maintain groups 
of animals of several year classes at 
various locations throughout the area 
to be tested. As a short-term bio-assay 
this technique can be used to measure 
acute toxicity. Hewever, its chief 
value lies in the feature of maintain- 
ing stocks of identifiable test animals 
through protracted time periods. Of 
course, certain technical problems pre- 
sent themselves in maintaining and 
servicing the installations but these 
can be overcome. Analyses again in- 
volve growth, survival, and fatness of 
the test animals. In the area where 
these are being used there is also a 
continuing hydrographic survey. <A 
major advantage of this type of work 
is that test animals are subject to a 
natural environment throughout its 
variations and may be expected to re- 
act similarly to those commercial spe- 
cies which are present in the area. 

In conclusion, it is emphasized that 
to be of value, results of the bio-assays 
must be sufficiently sound to with- 
stand scientific scrutiny. None of these 
techniques is considered adequate, by 
itself, to provide the necessary an- 
swers. Responsible biologists operate 
on the principle that detailed analyses 
and eareful interpretation of labora- 
tory, semi-controlled, and field bio-as- 
says yield valid information on which 
intelligent decisions relating to waste 
disposal can be made. 


SEE INSIDE FRONT COVER FOR ANNOUNCEMENT 
OF THE NEW SEWER DESIGN AND 
CONSTRUCTION MANUAL 
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THE OPERATOR’S CORNER 


The Division of Sewage Disposal re- 
| 

ceives both 

wastes for 


domestic and industrial 
treatment in its plants. 
Due to the great diversity in volume 
and strength of the industrial wastes 
discharged to the city’s sewerage sys- 
tem, these wastes require special con- 
sideration and examination. At  pe- 
riodie intervals the wastes from the 
various companies are tested to pro- 
vide the information on 
which to base surcharges and to deter- 
mine if any dangerous or toxie ma- 
terials are being discharged. To obtain 
samples for analysis, a crew of gaugers 
is sent to the manhole where the eom- 
pany’s wastes enter the city sewer. 
There they set up a station and meas- 
ure the flow consecutive 
24-hr periods. The samples that they 
take at predetermined intervals have 
to be measured and composited aceord- 
ing to the rate of flow. Each day’s 
composited sample is sent to the labora- 
tory for analysis. 

It is obvious to anybody who has 
watched this procedure that if a suit- 
able piece of equipment were available 
to automatically collect samples pro- 
portionate to the flow and composite 
them, a great deal of time and expense 
would be saved. To be 


necessary 


over several 


sure, such 


* Presented at the 33rd Annual Meeting, 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf.; Cincinnati, Ohio; 17-19, 
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machines are available, but they are 
designed to operate in open channels, 
not manholes 


The shape of the aver- 
age manhole may be compared to a 
milk bottle; the top opening usually is 
about 20 in. in diameter and the bottom 
diameter is commonly 48 in. Usually 
neither 110-v a-e nor compressed air 
is available. The dimensions of the 
manhole and lack of utilities preclude 
the 


use of any commercially made 
machines. 
Description of Sampler 
The decision was made that the 


Division of Sewage Disposal would at- 
tempt to design and build an automatic 
sampler. Ultimately, the sampler 
would be battery operated, but since 
a-c equipment is more common and 
easily purchased, the prototype instru- 
ment was to operate on 110-v a-c. The 
unit was to operate with a 90-deg 
V-notch weir. The levels of flow over 
this weir were to be limited to between 
2 and 8 in. This meant the machine 
would sample over a flow range of 
from about 20,000 to 600,000 gpd. 
Since the dimensions of a manhole 
seriously limit the length and width 
the sampler is tall and narrow and can 
be easily lowered through a 20-in. 
eireular opening. The framework 
which supports it in the channel and 
which permits careful adjustment in 
relation to the height, 


weir can be 
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dismantled easily. The reason for 
this careful adjustment is that the sam- 
pling container which is lowered into 
the flow to pick up the sample must 
come to rest against its stops. All di- 
mensions in relation to sample volume 
and flow have been ecaleulated from 
this ‘‘stop’’ position. The sampling 
container is the essential part of the 
apparatus and is of a triangular shape 
as shown in the accompanying sketch 
(Figure 1). The general shape of the 
edges of this container as well as the 
actual dimensions are dependent on 
the size of sample desired, the depth 
of flow, and the type of weir with 
which it is to be used. The specifica- 
tions for this particular container were 
mentioned earlier. In operation, the 
container supported by Pivot Rod A 
is lowered until Pivot Rod B rests 
in its notch (Stop 1) at the bottom 
of the sampler. The suspending action 
is gradually released, allowing the con- 
tainer to pivot on B, and the con- 
tainer, being properly counterweighted, 
leans over until Pivot Rod C hits 
Stop 2. The operating mechanism then 
itself and as the container 
returns to a vertical position on Pivot 
Rod B, the sampling edge euts the 
surface of the flow. It is at this point 
that the container picks up its sample 
and the size of it depends on the 
depth of flow. The upward motion is 
continued until Pivot Rod C eneoun- 
ters a cam track which causes the con- 
tainer to tilt and empty. A movable 
funnel is provided to guide the sample 
into a reservoir. This sampling con- 
tainer operates in a framework which 
supports the necessary guides, tracks, 
and sprockets. It is operated by a 
slow-speed gear-head motor, a suitable 
timer for lowering and raising the con- 
tainer, and two limit switches. The 
accompanying photograph shows the 
assembled sampler in the shop, the 
eover for the electrical assembly not 
being in place. This particular ar- 
rangement was for display and dem- 
onstration (Figure 2). 


reverses 


purposes 


WASTE SAMPLER 


FIGURE 1.—Sampling container. 


Test Results 


When the sampling container was 
being designed, it was tested in a ree- 
tangular tank. The level of the water 
was adjusted to correspond to different 
levels of flow over a 90-deg V-notch 
weir. The volumes of sample picked 
up at the 3- and 4-in. levels were off 
somewhat more on a percentage basis 
than the samples from other levels, but 
the error was believed to be tolerable. 
With these preliminary tests finished, 
the sampler was thought to be ready 
for field testing. 

The first field trials were run on 
July 29, 1958. The manufacturing 
plant selected for test purpose has 
a channel which is on ground level 
and enclosed in a small structure. The 
channel has a built-in 90-deg V-notch 
weir and there is a company-owned flow 
meter; also available was an electric 
outlet delivering 110-v a-c. Beyond 
these conveniences, it was simple to set 
up the sampler and have it continu- 
ously observed by several men. On 
each of the two test days the sampler 
was operated for 2 hr. Each sample 
collected was measured separately to 
evaluate sampler accuracy at various 
depths of flow. The results are shown 
in Table I. 

The volume of samples the sampler 
delivered on the first day was 7.6 per 
cent higher than the theoretical vol- 
ume; on the second day the delivered 
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TABLE I. 


Actual 
Sample 


Vol. (ml) 


Theoretical 
Sample 


Vol. (ml) 


| Depth of 
| Flow* (in.) | 


Time 


12:30* 95 74 33 | 
12:45 220 200 5 
1:00 223 200 5 
1:15 270 | 250 5 
1:30 340 330 6 
1:45 | 265 } 250 
2:00 | 275 | 250 
2:15 | 270 | 250 
2:30 300 299 


9 :20* 380 64 | 
9:35 115 100 63 
9:50 110 100 63 
10:05 395 380 63 
10:20 | 390 | 380 | 6} 
10:35 | 355 340° | 61 
10:50 | 415 100 63 
11:05 | 395 380 63 
11:20 75 360 63 


Mean 


volume was 3.6 per cent higher. 


In- 
cidentally, using this particular sam- 
pling container and rate of sampling, 
the mean 24-hr flow (in med) can be 
estimated by dividing the tetal 24-hr 
volume (in liters) by 100. 

The automatic sampler was given a 


second field trial in the same test 
channel. The apparatus operated 24- 
hr/day on Sept. 22, 23. 24. and 20, 
1958. Three samples were taken at 
15-min intervals; one sample was taken 
by the automatic sampler and the other 


two were taken manually by the 
gauger. Of these two latter samples, 
one was taken in the usual Way as 
the flow went over the weir, and the 
second was taken by submerging a 
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Test Results 


Flow (mgd) 


| | Computed Computed 


| From Weir From rom _ From 
Table Meter Actual T heoretical 
Sample Sample 
vol. Vol. 


053 O8 
.188 20 
.188 21 
| 

32 


359 | 36 
376 38 
376 
359 | 38 
359 38 
326 
376 38 
B59 38 
36 


359 378 365 


container alongside the sampler for the 
same duration the scoop of the sampler 
Was immersed in the flow. 

The manually collected samples were 
examined to find out if there was any 
difference between the composition of 
the waste collected by the sampler and 
the waste collected by the gauger, The 
samples were collected over a 24-hr 
period, composited, and then taken to 
the laboratory where the total volume 
Was measured. Each day’s combined 
samples were homogenized and ana- 
lyzed for suspended solids, BOD. and 
ether-soluble materials. The results of 
tests the caleulated 
are shown in Table IT. 

No results are shown for flows or 


these and flows 


.237 25 
264 | 28 
| 
Mean | | 927 | 
237 | 260 24] 
(6) Seconp-—Day Resutts 
| | | 
ae 
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volumes on Sept. 22 or 23 as it was 
impossible to bring the combined sam- 
ples to the laboratory in the usual 
containers without spillage. On Sept. 
24 and 25 the combined samples were 
transported in 5-gal carboys and there 
was no spillage except possibly in one 
instance as indicated in the table. 

Again, the automatic sampler fune- 
tioned nearly perfectly for the four- 
day period. There was difficulty with 
the counter at one time and this was 
corrected. 

As in the first test, the volumes col- 
lected and the estimated flows are in 
good agreement. Since the time pe- 
riods were much longer, the close re- 
lationship of the figures means more. 
The results of the test for suspended 


FIGURE 2.—Automatic waste sampler. 
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TABLE II.--Comparison of 1958 Test Result 


Date 
Item and 


Method of 
| Sept. 22 | Sept. 23 | Sept. 24 Sept. 25 
SS (mg, 
auto, sampler 680 | 650 385 | 360 
manual at sam- | 
pler 540 «460 268 
manual at weir 560 485 | 310 


BOD (mg/l) 
auto. sampler 945 785 
manual at sam- 

pler 780 760 975 
manual at weir 820 755 3 975 


1090 


Ether-soluble 
matter 
(mg/l) 

auto, sampler 

manual at sam- 
pler 

manual at weir 


Volume (1) 
auto. sampler™ 
manual at sam- 
pler - 19.95 
manual at weir | 19.42%) 
theoretical 20.39 | 


20.78 


Flow (mgd) 
auto. sampler 
weir 
meter 

| 


* Possible spillage. 


solids, ether-soluble material, and BOD 
are in fair agreement. The higher 
values obtained with the samples 
taken by the automatic sampler are 
difficult to explain. 


Summary and Conclusions 


An automatie proportionate sampler 
for installation in manholes has been 
designed and built. Testing in the 
field has shown that it possesses suffi- 
cient accuracy for ordinary needs. It 
also seems feasible to design and build 
other sampling containers for different 
flows and weirs which would operate in 
the same framework. Battery operated 
samplers also should be built and 
tested. 
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| 
| 
j 136 178 | 138 130 
122 | 172 132 110 
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23.09 
i 22.86 
22.80 
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- | 0.208} 0.231 
0.226 0.226) 0.255 
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This paper discusses management of 
the Bureau of Sewers and Sewage 
Treatment in San Francisco which is 
responsible for the collection, treat- 
ment, and disposal of sewage and the 
control of industrial wastes. 

The problems of management of 
municipal sewerage works are many 
and complex. In addition to techni- 
eal control, problems connected with 
personnel, fund control, equipment 
and material, work assignments, safety 
control, and public relations have to 
be solved. Supervisors, apart from 
having technical competence, must 
know the system, have administrative 
ability, be able to handle people, know 
accounting procedures, be able to meet 
the public and city officials, handle 
correspondence, and write reports. 

In San Francisco there are special 
problems which may not apply to other 
communities or to industry. There 
are many old and poorly constructed 
pipe and brick sewers which must be 
maintained by the Bureau at higher- 
than-normal costs. The combination of 
hilly topography, combined sewers, 
and old sewers often creates emer- 
gency situations which must be dealt 
with instantly to protect public health 
and property. 

Treating sewage at three plants in- 
creases treatment costs because there 
~ * Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Dallas, Tex.; Oct. 12-15, 1959. 

+Formerly Superintendent, Bureau of 
Sewers and Sewage Treatment. 


is duplication of personnel and there 
are more units to operate and main- 
tain. Operation and maintenance 
must be adjusted to availability of 
funds which are allotted to specific 
functions. Some essential operations 
must be curtailed below desirable lim- 
its or deferred beeause of inflexibility 
in fund assignment or difficulty in ob- 
taining additional funds. By the city 
charter, the work done by per diem 
and by some monthly employees must 
conform to union regulations. Work 
limits set by civil service regulations 
further limit flexibility in assigning or 
reassigning personnel. The system 
must be operated in a manner to 
satisfy both a public and press not 
always familiar with how the system 
operates, or what it does, or the re- 
strictions imposed by fund limitation. 
The Bureau of Sewers and Sewage 
Treatment is one of nine bureaus in 
the Department of Public Works. The 
Bureau is divided into three divisions. 
Treatment plants and control of in- 
dustrial wastes are in the Sewage 
Treatment Division and pumping sta- 
tions are in the Sewage Pumping Di- 
vision. Activities pertaining to sew- 
ers are under the Sewer Division. 
There are 248 regular employees in 
the Bureau, of which 106 are in sew- 
age treatment, 13 in sewage pumping, 
and 129 in sewer maintenance and re- 
pair. To indicate the scope of Bureau 
activities, expenditures for 1957-58 
totaled $1,930,000 of which $998,000 
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was for treatment plants and indus- 
trial wastes control, $107,000 for 
pumping stations, and $825,000 for 
sewer maintenance and repair. In 
addition, the Sewer Division spent 
$116,000 for side sewers paid for by 
property owners and $8,000 on work 
orders from other city departments. 


Sewage Treatment Division 


The three treatment plants are pri- 
mary plants with a total dry weather 
flow capacity of 110 mgd. Treatment 
facilities include screening and grit 
removal, sedimentation, pre- and post- 
chlorination, separate sludge digestion, 
elutriation, vacuum filtration, and 
sludge drying. Treated effluent is dis- 
charged to San Francisco Bay and the 
Pacific Ocean. 

The Division is headed by a senior 
engineer; each plant is supervised by 
a superintendent, a professional engi- 
neering classification. Each plant has 
two subsections, a laboratory and an 
operation and maintenance section ; the 
laboratory is headed by a _ sewage- 
treatment chemist, a _ professional 
classification. 

A chief operating engineer, an op- 
erating classification, is in charge of 
the operation and maintenance section. 
Within this section there are operating 
engineers who serve as shift leaders, 
one or more operating engineers for 
maintenance, and the required number 
of junior operating engineers. Labor- 
ers, truck drivers, and janitors re- 
port to the chief operating engineer 
for assignment. 

The sewage treatment plants are, of 
course, always manned. The super- 
visory staff of superintendent, chem- 
ist, and chief operating engineer is on 
regular duty during the daytime on 
weekdays. Supervision on other shifts 
is delegated to the shift leaders under 
rules set by the supervisory staff. 

The shift crews operate treatment 
units, collect samples, and make needed 
minor adjustments and repairs. Ma- 
jor repairs and maintenance are per- 
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formed by maintenance crews consist- 
ing of an operating engineer, one or 
more junior operating engineers, a 
machinist, an electrician, and a 
painter. Services of machinists, elec- 
tricians, and painters, as well as those 
from other crafts, are obtained from 
other bureaus and departments on 
work order. Engineering design for 
improvements is performed by the 
Bureau of Engineering, and landscap- 
ing is maintained by the Park Depart- 
ment using transferred funds. 

The laboratory sections analyze 
plant samples, monitor receiving wa- 
ters, and make investigations to im- 
prove plant operation. In addition, 
the sections analyze industrial wastes, 
test for pollutants in air samples, de- 
termine sources in leak complaints, and 
do work for other departments and 
agencies having need for the special- 
ized knowledge and equipment avail- 
able. 

The superintendent sets over-all op- 
erating and maintenance policies 
utilizing laboratory and operating re- 
ports as guides. 


Pumping Division 


The Pumping Division operates and 
maintains 14 booster stations. The Di- 
vision is headed by an assistant engi- 
neer, a professional classification, and 
under him are three operating engi- 
neers and nine junior operating engi- 
neers. The operating engineers super- 
vise, operate, and maintain pumping 
stations in assigned districts. The 
junior operating engineers are on rov- 
ing assignments except for three pump- 
ing stations. 

Major repairs and maintenance re- 
quiring trained mechanics are done by 
other bureaus or departments on work 
order. 


Sewer Division 


The Sewer Division cleans sewers 
and catch basins, maintains and repairs 
main sewers and structures, installs 
and repairs side sewers, tests for ex- 
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plosive and other gases, and does other 
work related to the operation and 
maintenance of the sewerage system. 

There 


sewers, 


over 850 miles of main 
which combined. 
Separate sewers are located mainly in 
low-lying Main 
sewers range in size from 6-in. vitri- 
fied clay pipe to three-compartment, 
reinforced concrete sewers with 714- 
by 10-ft compartments. During rain, 
excess storm flow is diverted through 
16 outfalls. 

The Bureau superintendent acts as 
administrative head of the Sewer Di- 
vision. Division operations are di- 
vided into construction and operation 
sections, each under an assistant su- 
perintendent of sewer maintenance 
and repair. 


are 
most of are 


downtown areas. 


Construction Section 


The construction section repairs and 
constructs main sewers and structures, 
does bricklayer work, and constructs 
and repairs side sewers. The work is 
in three work units designated main 
sewer, bricklayer work, and side sew- 
ers. Main sewer work and side sewer 
work are each supervised by a gen- 
eral foreman. Bricklayer work is di- 
rectly supervised by the assistant su- 
perintendent. 

Most material for field work is 
drawn from stores and all materials 
must be accounted for and charged 
to the proper job. Inventories of sup- 
plies are watched and replacements 
ordered when minimum levels 
are reached. 


stock 


Main Sewers 


and 
and in 


Cribbing crews excavate, lag, 
backfill main 
the repair of struc- 
tures, they cut pavement and do mis- 
cellaneous 


sewer trenches, 


construction or 
work. Excavation is by 
hand in sandy soil and where the fa- 
cilities of other utilities demand extra 


eaution. A mechanical digger has re- 
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cently been acquired for other exeava- 
tions. 

Pipe repairs are mainly required on 
the clay sewers. from 
scour, open joints, settlement, or poor 


Breaks oceur 
house connections: scour is prevalent 
on streets with steep slopes serving 
previously undeveloped open 
joints and settlement occur mainly in 
old sewers ; and poor house connections 


areas ; 


are found on connections made by pri- 
vate contractors before regulations re- 
quired city installation or inspection. 

Two cribbers usually constitute a 
erew which is supplemented oceasion- 
ally with additional cribbers or labor- 
ers. 


Bricklayer Work 


Bricklayer crews repair main brick 
sewers, construct and repair manholes 
and catch basins, lay pipe over 8 in. in 
diameter, and do bricklayer work re- 
quired for the Bureau of Street Re- 
pair, 

Underground crews have one brick- 
layer and two hodearriers. Crews on 
structures and pipe laying have one 
bricklayer and one hodearrier. 

The 76 miles of brick sewers con- 
structed before 1906 require continual 
maintenance. Most deterioration re- 
failure of the lime mortar 
originally used and from scour. 


sults from 


Side Sewers 


Side-sewer crews excavate, lag, lay 
pipe, and backfill side sewer trenches. 
Two ecribbers normally constitute a 
The number of crews employed 
depends on the number of side sewers 
being built or repaired. At present, 
only two erews are motorized. The 
trucks carry sufficient tools, equipment, 
and material to complete a job and 
move without delay. 

The side sewer from the building to 
the main sewer belongs to the prop- 


crew. 


erty owner. By city ordinance, all in- 
stallations and repair work under city 


streets on side sewer connections must 
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be performed by the Bureau except 
when side sewer construction is in- 
cluded with main sewer construction 
under public contract. Before any 
work is started, the property owner 
makes a deposit to cover the estimated 
cost of construction or repair of the 
side sewer from the curb to the sewer. 
Final payment only aetual 
costs. 


covers 


Operation Section 


The operation section cleans sewers 
and catch basins, responds to com- 
plaints, flushes sewers, assists in con- 
struction, and tests sewers for ex- 
plosive gases. The work is in four 
work units designated: sewer clean- 
ing, eductor operations, servicing com- 
plaints, and gas detection. One gen- 
eral foreman supervises service crews 
and eductor operations; the assistant 
superintendent supervises sewer clean- 
ing and gas detection. 


Sewer Cleaning 


Cleaning crews clean main sewers, 
sumps and tanks at pumping stations 
and treatment plants, do miscellaneous 
work in connection with sewers, and 
service compaints during rains when 
service crews cannot handle all ealls. 

Sewers are normally cleaned’ by 
buckets dragged between manholes. 
Other methods employed are manual 
cleaning of large sewers, flushing, and 
manual and mechanical rodding of 
pipe sewers. 


Eductor Operations 


Eductor clean catch basins, 
pump out basements and sumps, pump 
sewage during main sewer repairs, wet 
down trenches when hydrants are not 
accessible, and do other related work. 

Catch San Francisco are 
not simply street inlets but separate 
structures holding about 10 cu ft of 
liquid. The collected are dis- 
posed of at city dumps. 

Normally, one-reel eductors are used. 


crews 


basins in 


solids 
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A two-reel eductor, first of its type 
in the west, was placed in operation 
in Aug. 1956 to clean catch basins on 
both sides of one-way streets and alleys 
while traveling in one direction; it is 
used primarily in downtown areas. 
Another unit of this type was placed 
in service in 1958. 


Servicing Complaints 


Service crews respond to complaints, 
wet down main and side-sewer trench 
backfills, flush sluggish or temporarily 
plugged sewers, and do emergency 
work. 

Each crew has a compartmentized, 
covered, one-ton truck fully equipped 
with hoses, lights, barricades, rods, and 
special tools. Four crews are on regu- 
lar day work; one is on night work. 

As examples of work done in a 
typical year, about 3,800 calls are made 
on side sewers, 1,600 on main sewers, 
1,100 on eatch basins and manholes, 
and 2,000 on servicing warning lights 
and barricades, investigating seepage, 
and other work. 


Gas Detection 


The gas detection crew tests sewer 
manholes, pumping stations, treatment 
plants, and other structures for ex- 
plosive gas, carbon monoxide, hydro- 
gen sulfide, and oxygen deficiency ; 
checks for specific industrial wastes in 
sewers; assists in safety training; and 
checks condition of manholes and sew- 
ers. Natural gas leaks are reported 
to the gas utility company, and testing 
is continued until the leak is corrected. 
Clogged sewers, loose bricks, and 
sludge deposits in manholes are re- 
ported to other sections. 

The gas detection unit is on night 
operation in May to test manholes in 
downtown areas inaccessible during 
the day. 

Almost without exception, the pres- 
ence of methane in sewers is the result 
of leaks in natural gas mains or serv- 
ices. 
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Miscellaneous 


Large sewers, particularly those in 
areas where trouble is anticipated, are 
regularly inspected to forestall serious 
difficulties. A crew is assigned on a 
part-time basis to inspect other sewers 
and structures prior to any extensive 
field work. Recently, the inspection of 
sewers has been expanded to include 
photographing of pipe interiors and 
other locations difficult to enter. This 
program of photographie inspection 
shows promise of being of great value. 

Yard service at the main mainte- 
nance yard to receive deliveries, keep 
equipment in working order, check 
materials and supplies on hand or on 
order, and maintain an inventory of 
city tools and equipment assigned to 
field crews has been found 
sential. 


to be es- 


Management Problems 
Fund Procurement and Control 


With minor exceptions, Bureau 
funds are budget appropriations from 
general city funds. Budget estimates 
are made by each division for salaries, 
overtime, holiday 
salaries, wages, 


pay, temporary 
contractual services, 
materials and supplies, and equipment. 
The budget request for each item states 
the need and details to substantiate 
the request, and lists expenditures for 
the past five years and for six months 
of the current year. The requests are 
reviewed by the Director of the De- 
partment of Public Works, the Chief 
Administrative Officer, Mayor, and 
Board of Supervisors. The Depart- 
ment of Public Works budget can be 
reduced but not increased by subse- 
quent reviewing agencies. These re- 
viewing agencies give primary consid- 
eration to past expenditures, 
times without sufficient regard to eur- 
rent needs and inflation. Thus, the 
need for clear and detailed records to 
substantiate budget requests becomes 
apparent. In the treatment 
plants which are relatively new, 


some- 


ease of 
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budgetary recognition must be given 
to the fact that increased maintenance 
is required as the equipment gets 
older. This is a factor sometimes not 
recognized by non-technical budget- 
processing agencies, and any records 
which will substantiate maintenance 
needs will be of great value. 
Budgeted funds are generally al- 
lotted quarterly by the city controller. 
The controller does not normally ap- 
prove quarterly allotment increases 
without proof of necessity and a state- 
ment that the yearly budget appropri- 
ation will not be exceeded. Additional 
funds must be obtained by supple- 
mental appropriation by the Board of 
Supervisors. It is diffieult for an op- 
erating bureau to adjust expenditures 
to quarterly periods because require- 
ments are affected by seasonal factors. 
Funds are set up for each division 
by specifie categories, and are not in- 
terchangeable. Expenditures in the 
Pumping and Sewer Divisions are con- 
trolled by the Bureau superintendent. 
In the Sewage Treatment Division, 
each plant is allocated specific amounts 
and the superintendent is held respon- 
sible for keeping expenditures within 
these limits. In particular, attention 
must be paid to expenditures for over- 


time, temporary employment, some 
contractual items, and materials and 
supplies. 


The official accounting records are 
kept by a separate bureau in the De- 
partment of Public Works. As delays 
in reporting make control of expendi- 
tures difficult, duplicate records have 
to be kept by each division. This is 
now being corrected by new and re- 
vised procedures in the accounting 
bureau using automatic machines. 
Nevertheless, it will still be necessary 
for this bureau to continue to keep 
approximate current records of ex- 
penditures for planning and control. 


Personnel 


The number of job classifications 
and work limits for each classification 
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are set by civil service rules which, 
for working classifications, conform 
substantially to union rules. The num- 
ber of employees in each classification 
is limited by ordinance. 

As a result, there is lack of flexibility 
in assignment or reassignment when 
employees are off for sickness, vaca- 
tion, or other reasons. Existing rules 
require an employee to notify the 
Bureau in advance of expected ab- 
sence. However, this is not always 
done or possible. Civil service pro- 
cedures do not permit relief employees 
to be hired on short notice. As a re- 
sult, in the Sewage Treatment and 
Pumping Divisions, overtime must be 
arranged or a shift crew must work 


short. In the Sewer Division, crews 
must be reassigned or other work 
found for members. To minimize 


malingering, a Department of Public 
Works doctor checks employees re- 
ported sick. 

During vacations, the Sewage Treat- 
ment and Pumping Divisions must ob- 
tain replacements for shift operators. 
In the Sewer Division, personnel must 
be shifted to make sure a minimum 
number of full crews are working on 
each function. The Bureau has formu- 
lated definite vacation rules which give 
consideration to seniority and em- 
ployee requests. Scheduling vacations 
well in advance has been found helpful. 

In assigning personnel, it is neces- 
sary to consider personality and abil- 
ity in forming shift and field crews. 
Some factors to be considered are: Is 
a man a leader or follower? Is he 
dependable? What is his physical con- 
dition? Is he safety minded? Is he 
a hard worker? Does he observe rules? 
Has he ability for independent think- 
ing? Does he get along with others? 
Although there are exceptions, some 
general rules may be formulated: (a) 
Put followers with leaders, (b) new 
employees with experienced employees, 
(c) physically weak with strong, (d) 
undependable employees with strong 
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leaders, and (e€) in some cases, non- 
conformists with nonconformists. 

The problem of training new em- 
ployees is a difficult one which has 
not been solved completely. If pos- 
sible, new employees are assigned to 
work with experienced personnel. 
This has not always been possible, and 
there have been occasions where equip- 
ment has been damaged by inexperi- 
enced operators. 

The ideal way to train personnel for 
sewage pumping and treatment would 
be to have sufficient positions budgeted 
so new employees can be assigned to 
supervised maintenance work long 
enough for them to become thoroughly 
familiar with operations. 

It would be very helpful if the pro- 
motional ladder under civil service 
were arranged to keep trained em- 
ployees within the department rather 
than allowing promotion to other de- 
partments. 

One point that should not be over- 
looked in training employees who come 
in contact with the public is the mat- 
ter of public relations. Employees 
should be cautioned against making ir- 
responsible statements which might 
mislead, misinform, or cause embarass- 
ment to the department. 

The maintenance of discipline is a 
duty of management. If discipline is 
not continuously and uniformly main- 
tained, the morale of the entire organi- 
zation will suffer and the quality and 
quantity of work will deteriorate. The 
means of enforcing discipline will, of 
course, differ from place to place. In 
San Francisco, discipline is maintained 
by means of explicit rules established 
by civil service. 


Sewage Treatment and Pumping Di- 
vision Work Assignment 


In the Sewage Treatment and 
Pumping Divisions, first consideration 
must be given to the number and lo- 
cation of stations, functions performed, 
and physical layout. Operators must 
be stationed at key locations where 


emergencies can be observed and acted 
on promptly. There is, of course, a 
limit to the number of functions and 
the area which can be covered by an 
operator. In large plants with several 
operating stations as at San Francisco, 
it is necessary to have a supervisor on 
each shift who is responsible for over- 
all operations and who can assist or 
relieve station operators. Easy inter- 
plant communication is helpful and in 
many cases, necessary. In addition to 
regular duties, each shift operator 
should be given definite maintenance 
assignments for which he is respon- 
sible. 

In the treatment plants, laborers are 
employed on day shifts for general 
cleaning and to perform other un- 
skilled duties which allow shift opera- 
tors to devote maximum time to opera- 
tion and maintenance. 

The chief operating engineer plans 
maintenance and requisitions replace- 
ment parts. Maintenance should be 
scheduled for minimum interference 
with operation. 

In the laboratory sections, the chem- 
ist determines sampling and testing 
procedures and programs research 
projects. Routine analysis per- 
formed by one or more laboratory 
technicians. The chemist also acts in 
place of the superintendent in his ab- 
sence. In setting sampling programs, 
the chemist must consider whether 
tests are essential to plant operation, 
whether they will improve plant oper- 
ation or reduce cost, and whether regu- 
latory agency requirements are being 
met. 

To control plant operation, the su- 
pervisory staff must review plant and 
laboratory logs daily, physically ob- 
serve operation and plant condition, 
and inspect work done. Plant operat- 
ing costs should be reviewed at fre- 
quent intervals. 


Sewer Division Work Assignment 


Except for emergencies, all sewer 
maintenance and repair work is pro- 
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grammed before field assignments. 
The first step is to determine the kind 
and amount of work necessary to main- 
tain the system, and then to determine 
the composition and number of crews 
to do the work. For administrative 
purposes and for efficient use of men 
and equipment, it has been found best 
to separate construction from opera- 
tion. 

Main sewer repairs are scheduled 
first at sewer breaks or where there is 
a possibility of property damage or 
danger to public health. Local courts 
rule that prior knowledge of sewer 
defects makes the city responsible for 
damages. Remaining work sched- 
uled on a city-wide priority basis. A 
record is kept showing the date and 
source of information, location of 
break, size of sewer, and probable ex- 
tent of work required. 

Underground bricklayer work is first 
scheduled at breaks and in sewers 
known to be in bad condition, other- 
wise by districts. Other bricklayer 
work is assigned daily. 

In side-sewer work, repair is given 
first priority. Side-sewer construction 
is usually scheduled by date of fund 
deposit, but the side-sewer foreman 
may consider building ocecupaney and 
construction needs in assigning prior- 
ity. 

In sewer cleaning, emergencies take 
priority over all other work; other 
work generally is programmed by dis- 
tricts. 

In eduetor operations, catch basin 
cleaning is programmed by districts. 
Emergencies and special work are as- 
signed without regard to district. 

Complaints are serviced in order of 
receipt unless severity of the condi- 
tion warrants other action. Service 
crews also have regular assignments 
in known trouble areas. 

Gas detection in manholes is nor- 
mally scheduled by districts, but test- 
ing of known leaks is continued with- 
out regard to district until the leak is 
corrected. 
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Service, eductor, and gas-detection 
crews and side-sewer cleaning and con- 
struction crews report daily to the 
maintenance yard. All other crews 
report directly on the job and their 
equipment is left as close to the job 
as possible to increase available work- 
ing time in the field. 

Providing field services at other than 
regular day shifts presents problems. 
It is too costly to have crews working 
at all hours; therefore, except for im- 
pending inclement weather, one service 
crew is on duty from 4 pm to mid- 
night, Monday through Friday, and 
one employee on the Saturday and 
Sunday day shifts. Any calls received 
requiring service at other hours are 
given to a general foreman on call at 
home. He _ investigates, determines 
what needs to be done, and ealls out 
field crews if necessary. He is paid 
for the time worked but not for stand- 
by services. Consideration is being 
given to include standby services with 
the job requirement and to set com- 
pensation accordingly. Getting men 
to work overtime is sometimes difficult, 
as overtime work is not compulsory. 
Men, if at home and available, are 
selected by seniority and reliability. 

Field supervision of a large num- 
ber of small crews presents a problem 
since supervisors must be in the office 
part of the day to assign work, order 
materials, and check daily reports. 
Another problem is that employees of 
field all have the same 
rank which makes it difficult to assign 
crew responsibility. 

Daily field records must be kept 
showing date, employee classification, 
location, work performed, time re- 
quired, and weather conditions for 


some erews 


work control and cost accounting pur- 
poses and for protection against legal 
action. 


Forms for field reporting must 
be simple and clear to obtain meaning- 
ful records. machine card 
considered. 


Use of a 
Cards, 
will not be of value unless a 
very simple coding system is worked 


system is being 


however, 
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out beeause field personnel find it 
difficult and distasteful to keep aecu- 
rate records. It will still be necessary 
to maintain daily job records not pos- 
sible to include on machine ecards for 
performance analysis by supervisors 
and for use in legal actions. 

Records are kept of monthly pur- 
chases of materials and supplies by 
unit, and the records are checked 
against past usage and current needs 
to control expenditures, determine if 
the use of any item is unreasonable, 
schedule future purchases, and prevent 
depletion of essential stock items. 

Field supervisors should spend as 
much time as possible on direct field 
supervision. Work performance analy- 
ses and map recording should be done 
by staff employees. These records 
should be analyzed by funetion and 
crew to indicate over-all efficiency and 
to point out where corrective measures 
should be taken or methods changed. 


Equipment 


Equipment should always be avail- 
able and in good operating condition. 
To accomplish this, sufficient spare 
parts and adequate repair facilities 
must be provided. 

Spare parts or equipment items for 
mobile units used regularly by sewer 
cleaning and eductor crews should be 
on hand. Spares of items not readily 
available or needed for emergency 
work should also be carried in stock. 
In addition to central shops for major 
repair and overhaul, a mechanic 
should be available to minimize down- 
time and prevent major breakdown. 

Old, obsolete, or worn equipment 
should be replaced when downtime is 
excessive or repair costs too high. Ade- 
quate records are essential to substanti- 
ate budget requests for replacements. 

First depreciation, upkeep, 
ability to perform, over-all cost, and 
operator pay and classification are fae- 
tors affecting procurement of new 
equipment. In San Francisco, certain 
classes of equipment require special 


cost, 
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operators. ‘There must be sufficient 
productive work to keep these opera- 
tors working continuously. When 
equipment is used infrequently, it may 
be more advantageous to rent it than 
to purchase it. 

Equipment records are kept on each 
item. These records describe the item, 
give essential data, show the work done 
on maintenance and repair, and the 
time the unit is out of service. The 
records are checked to determine if 
costs are excessive, if the equipment 
is not performing satisfactorily, or if 
the unit is not being properly oper- 
ated. 

Management should be alert to pos- 
sible application of new developments 
in equipment and automatic processes. 
Major factors to be considered are 
whether substantial lowering in over- 
all costs or number of employees is 
possible. In applying automatie proe- 
esses to sewage treatment, it is well to 
remember that operators often credit 
these processes with undue reliability 
and thus to neglect necessary checking 


Safety 


The prevention of accidents is a 
matter recognized as one of the more 
important functions of management. 
Accidents are not only disagreeable 
from the humanitarian point of view 
but are downright hard on the budget. 
If the supervisor is not safety-minded, 
it is not likely that safety-mindedness 
will spring forth full blown in the 
minds of the people he supervises. 
Recognizing this fact, all supervisory 
personnel in the Department of Pub- 
lie Works have been required to at- 
tend a course of study in aecident pre- 
vention. This course was arranged by 
the school department in cooperation 
with the National Safety Council. 

The value of such a course of in- 
struction remains long after the details 
have been forgotten. The major value 
lies in the safety-mindedness which is 
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instilled in the minds of the partici- 
pants, who, in turn, affect others by 
example. 

Regular safety meetings are held in 
the treatment plants and the Sewer Di- 
vision as well as at bureau and de- 
partment levels. At these meetings, 
each accident is analyzed for the pur- 
pose of preventing repetition. It has 
been found that most accidents are 
eaused by unsafe acts rather than lack 
of safety measures by management. 

The purchase of clothing for em- 
ployees was recently reviewed. By 
state law, any item considered essential 
for safety can be obtained with city 
funds. 


Summary and Conclusions 


From the foregoing, it can be sur- 
mised easily that conditions in mu- 
nicipal sewerage works are continually 
changing. Thus, those charged with 
management responsibility must be 
forward looking and alert. In this 
article problems associated with man- 
agement in San Francisco have been 
stated. 

It may be concluded that for suecess- 
ful operation of municipal sewage 
works, management must concern itself 
with operating results; with people 
and what they do, as greatest expendi- 
tures are for personal services; with 
contre’ ot other expenditures; with 
maintaining plant and equipment; and 
with changes and improvement. 

secause of the wide seope of activi- 
ties and skills needed, this is a fertile 
and challenging field. 
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LIMITATIONS OF SEWAGE TREATMENT PLANTS IN 
HANDLING INDUSTRIAL WASTES * 


By C. Frep GuRNHAM 


Professor and Head, Department of Chemical Engineering, Michigan State University, 
East Lansing, Mich., and Editor, Industrial Wastes 


At any meeting of a sewage and 
industrial wastes association, the sub- 
ject of discharging industrial wastes 
into municipal sewers can usually pro- 
voke a controversy. There is no dis- 
puting the problems and difficulties 
that may arise from such discharges. 
The disagreements, however, can be 
greatly reduced if a serious attempt is 
made to understand all sides of the 
problem and to obtain a common view- 
point with the ‘‘opposition.’’ 


Viewpoints 

Sewage plant operators and board 
members of municipal sewerage au- 
thorities, when they have time to think 
about the matter, recognize that in- 
dustrial plants are important to the 
community, that they are heavy tax- 
payers, and that they have certain 
rights to the use of the sewerage sys- 
tem. It is also conceded that industries 
inevitably produce wastes, and must 
discharge them somewhere. In urban 
areas, the municipal sewer may be the 
only place for such discharge. Even 
if other drainage channels are avail- 
able, these may transport the wastes 
directly into local streams, a misfor- 
tune that the sewerage system is spe- 
cifically designed to prevent. Indus- 
trial wastes must, therefore, be ex- 
pected in sewers, and the sewage treat- 
ment plant must make provision to 
handle them. 

Industry people, on the other hand, 
must recognize that the sewage treat- 
ment plant operator has very definite 
responsibilities to his community. And 
there is no denying that it is industry’s 

* Presented at the 2nd Annual Meeting, 
Indiana Sewage and Industrial Wastes Assn.; 
Indianapolis, Ind.; Nov. 18-19, 1959. 


duty to cooperate in the field of sew- 
age treatment, just as in law enforce- 
ment, fire prevention, and other civic 
activities. 

Industry ’s cooperation with the sew- 


‘erage authority involves utilizing the 


sewer system in a reasonable manner, 
without damaging the facilities by 
such use. Industries must not dis- 
charge into the municipal sewers 
wastes that will damage city property, 
including both sewers and equipment 
at the treatment plant. They must not 
discharge wastes that are hazardous to 
the community, or that interfere with 
treatment plant processes and opera- 
tions. If the wastes of industry cause 
undue consumption of chemicals at the 
treatment plant, or an unusual amount 
of labor, the industry involved should 
be willing to pay a special fee to cover 
this added cost. And finally, industry 
must not expect the municipal treat- 
ment plant to purify wastes which it 
was never designed to purify. 

If industrial chemists, engineers, and 
management can achieve a common 
viewpoint with sewerage commission- 
ers and sewage plant operators, each 
will recognize the requirements of the 
other. Nearly always, suecessful op- 
eration of the industrial plant and the 
treatment plant will result. 

In the following pages some of the 
specific difficulties that must be recon- 
ciled are reviewed, and an attempt 
is made to determine the responsibility 
for each. 


Hazardous Discharges 
The discharge into municipal sewers 
of materials that are hazardous to 
people—residents of the community 
and treatment plant personnel— 


il 
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should never be tolerated. It is a re- 
quirement on industry that such pos- 


sible discharges be eliminated com- 

pletely from the sewer system and 

disposed of by other means. 
Flammable liquid wastes, such as 


gasoline and other organic solvents, are 
a hazard in sewer systems, and must 
be prevented from entry. Such liquids 
usually are not miscible with the sew- 
age, but float on the surface, forming 
stagnant pools and giving rise to flam- 
mable and explosive vapors. The 
elimination of such wastes, by suitable 
traps, is a responsibility of industry. 
The sources of such wastes inelude not 
only large petroleum and chemical 
plants and metal-finishing industries, 
but also cleaning operations, 
varages, and service stations. 

Another flammable and_ explosive 
waste that requires careful disposal is 
spent carbide slurry from acetylene 
generation. Such a waste might con- 
tinue to produce acetylene after its 
discharge into the sewer, 
hazard. 


small 


with obvious 
Most municipal sewer ordi- 
nances. reasonably enough, totally pro- 
hibit the discharge of acetylene waste. 

Toxie 
sewers and wet 


vases and large 
wells, can be danger- 
ous to people who must enter these 
chambers for inspection, cleaning, or 
repair. Hydrogen cyanide, carbon 
monoxide, hydrogen sulfide, and wastes 
that may release these gases, 


vapors, in 


are among 
the discharges that require careful con- 
trol. 


Damage to Physical Plant 


It is also apparent that wastes which 
are damaging to the sewer properties 
should be kept out of The 
sewerage system, including the ecolleet- 
ing sewers and the treatment plant, is 
community property. and must not be 


sewers, 


subjected to the possibility of damage 
by any individual or any industry. 
Corrosion is a well-recognized type 
of damage, often attributed to excessive 
acid Acid 


discharges by industry. 
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will 
structures, 


wastes attack conerete or iron 
including pipe, pumps, 
manhole fittings, and even treatment 
plant equipment if the acidity should 
penetrate so far. Fortunately domestic 
sewage is normally slightly alkaline, 
and adequate dilution of acid wastes 
with sewage will neutralize the acidity. 
Corrosion may also result from non- 
industrial causes, as from hydrogen 
sulfide formed 
sludge deposits. 


in septic sewages or 
3ut industry should 
neutralize or equalize its acid wastes 
to a harmless pH before discharge. 
Solid wastes should be kept out of 
municipal sewers as far as practicable. 
Heavy sludges and sediments may clog 
sewers and render them inoperable. 
At the least, more frequent cleaning 
and this is expensive. 
Greases and heavy oils are particularly 
troublesome for this and _ be- 
cause they clog equipment at the treat- 
ment plant. There is no excuse for the 
discharge of coarse solids such as rags 
and damaging to 
pumps and other equipment, and can 
easily be kept out of sewers by simple 
measures. In general, all industries 
should intercept readily removable sol- 
ids before the discharge of waste. 


is required, 


reason, 


sticks: these are 


Damage to Plant Processes 


One of the most aggravating prob- 
lems of the average sewage plant op- 
erator is the upsetting of his treatment 
processes by some unanticipated and 
often variation in the 
raw sewage flow. No part of his plant 
is immune from such occurrences, al- 
though most troubles occur 
in the aerobic biological processes, the 
final clarifiers, or the digesters. 
times industrial 
of such 


unrecognizable 


seem to 


Some- 
wastes are the cause 
disturbances, and often in- 
dustry is blamed whether guilty or not. 
The wise operator is less anxious to 
proclaim blame than to investigate his 
troubles scientifically and to identify 
their cause, which may often be within 
his own plant or within the range of 


f 

4 
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variations he must normally expect in 
incoming sewage. 

There are, however, some types of 
industrial waste which are known to 
interfere with treatment plant proe- 
esses. These should be eliminated at 
the industrial source in order that the 
treatment plant may perform its in- 
tended purpose. Chemical substances 
like acids, cyanides, or metal ions are 
upsetting to biological processes if they 
oceur in too high a concentration. Just 
what the permissible concentration is 
for any particular substance or combi- 
nation of substances is not easily de- 
termined, but a considerable literature 
has been built up already and research 
work is continuing. Each industry 
should become familiar with the toxie 
effects of the chemical materials it 
handles; and each treatment plant op- 
erator should acquaint himself with the 
toxie substances that may exist in the 
industries of his area. 

Plant processes are subject to inter- 
ference by excessive discharges of oils, 
especially heavy and greases. 
These not only clog sewers, as men- 
tioned previously, but also affect the 
operation of pumps, comminutors, and 
similar equipment, and disturb bio- 
logical action by coating the micro- 
organisms. Oily substances are dele- 
terious to aerobic processing, and may 
also affect sludge digestion. 


oils 


Wastes of excessively high tempera- 
ture may cause damage to sewers by 
softening bituminous sealing materials, 
and may cause septicity in sewers by 
accelerating decomposition reactions. 
Too much heat in wastes received at 
the plant may interfere with settling 
and with the control of biological ae- 
tivity. 


Overloads 


Industry may at times place a 
greater demand on the sewerage system 
than it is capable of handling, thus 
interfering with efficient operation. 
Hydraulic overloads (too much water) 
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cut down detention times in sedimenta- 
tion tanks and other units, thereby 
decreasing plant efficiency. If such 
overloads oceur intermittently in the 
manufacturing plant a controlled-flow 
discharge into the sewer may solve the 
problem. If the overload is clean wa- 
ter, it could be diverted to a storm 
sewer or to natural drainage. If the 
overload is continuous and polluted, an 
increase in sewer and treatment plant 
capacity may be necessary unless the 
industry can provide its own treatment 
and disposal. 

An overload of settleable solids may 
cause clogging of the sewer lines, es- 
pecially of wet wells at pumping sta- 
tions. If the overload reaches the 
plant, it places an added burden on 
settling tanks, digesters, and sludge 
disposal facilities. Perhaps this is no 
handicap to an adequately designed 
treatment plant; but if it becomes a 
burden or if the industry wishes to 
be helpful, such wastes can be settled 
before discharge to the sewer. 

High concentrations of organie mat- 
ter can often be handled by the sew- 
age treatment plant; if so, this is the 
most satisfactory means of disposal. 
If the treatment cost is increased un- 
duly, as for chlorine or other chemieals, 
the industry involved should be pre- 
pared to pay a service charge. In 
some plants additional equipment has 
been required, such as a second trick- 
ling filter, and the industry has paid 
for its capital cost as well as for op- 
eration. Of course, industry always 
has the privilege of removing the over- 
load from its waste ahead of the sewer. 
If this can be done by improved house- 
keeping and simpie salvage, it is worth 
while; but if actual treatment is needed 
the sewerage authorities may be able 
to provide it more economically. Of 
course organic overloads that are not 
amenable to treatment, such as oils, 
or those which interfere with treat- 
ment, such as cyanides, must be sepa- 
rated by industry and kept out of the 


sewers. 
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Shock Loads 


One of the frequent causes of poor 
operation of the sewage treatment 
plant is the occurrence of shock load- 
ings in the incoming sewage. Industry 
must recognize that sewage treatment 
processes are geared to continuous 24- 
hour, 7-day operation, and that the 
more nearly uniform the raw material 
entering the plant, the smoother the 
operation of the plant and the better 
the quality of its product. Most treat- 
ment plant operations have a consider- 
able capacity to absorb fluctuations in 
raw material—this is necessary because 
even domestic sewage flow varies in 
volume and concentration from hour to 
hour. But this leveling-out ability of 
the plant must not be abused by shock 
loads beyond its capacity. This is one 
reason that many communities provide 
separate storm sewers—the sudden 
rush of relatively pure water from a 
quick rainstorm is itself a shock to the 
treatment plant. Consider then the 
unbalance that may result if the shock 
discharge consists of acids or chemicals, 
sediment, or high temperature, rather 
than just a high rate of flow. 

The prevention of shock discharges 
is primarily the responsibility of in- 
dustry, and can usually be acecom- 
plished by simple means. Of course 
some expense is involved, but it is gen- 
erally minor in comparison with elabo- 
rate treatment works. Perhaps the 
sudden discharge can be avoided back 
in the manufacturing process itself by 
considering this as a factor in plant 
scheduling. If manufacturing opera- 
tions will not permit so simple a solu- 
tion, it may then be desirable to install 
holding or blending tanks at some point 
between the manufacturing and the 
discharge into the sewer. Such equali- 
zation, if properly planned, may com- 
pletely eliminate the problem of shock 
loads. 

To some degree, of course, industry 
is entitled to look to the sewerage sys- 
tem to furnish equalization. The sewer 


February 1960 


pipes, manholes, and wet wells provide 
places where holding and blending of 
the wastes and sewage can take place. 
The prudent engineer, however, will 
rely on this factor only for a final 
leveling, after providing most of the 
equalization within the boundaries of 
the industrial facility. 

It is proper to consider what degree 
of shock-load removal is necessary ; this 
is different for each sewerage system 
and for every industrial plant on the 
system. Obviously a small sewage 
treatment plant will be more seriously 
disturbed by a given shock discharge 
than a large treatment plant. Obvi- 
ously an industry located near the 
treatment plant will find its shock 
discharges transmitted to the plant 
with less equalization in the sewers 
than an industry near the end of the 
sewer line; although such a plant has 
the compensation that more sewage is 
available for blending and dilution. 

Permissible shock discharges in dif- 
ferent communities will vary because 
of the type of sewage treatment pro- 
vided. A treatment plant that gives 
only the primary treatment of sedi- 
mentation is affected by peak flows 
(shortened detention time in the plant) 
and by heavy sediment concentrations 
(overload of settling equipment), but 
is not particularly disturbed by soluble 
chemicals or toxie materials or even 
radioactive wastes. A secondary treat- 
ment plant or a plant with sludge di- 
gestion, both involving biological treat- 
ment, may be seriously hampered by 
shock loads of any nature. 


Untreatable Materials 


Some industry people, and other 
citizens too, take the attitude that once 
a waste is discharged into the sewer, 
their responsibility is at an end. This 
implies of course that the waste is 
acceptable in the sewer, that it is not 
hazardous nor destructive of property, 
and will not affect operation of the 
treatment plant. Most sewage plant 


ah 
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operators would probably agree, un- 
der these limitations. 


However, one must also consider 
whether or not the treatment plant 
provides adequate treatment before 


discharge to the receiving stream. The 
plant is intended to remove sewage- 
type solids and sewage-type organics, 
and to destroy pathogenic microorgan- 
but it may have little or no 
purifying effect on such components 
as brines, cyanides, fluorides, phenols, 
color, detergents, or radioactivity. A 
secondary treatment plant does a bet- 
ter job than sedimentation alone, but 
even after secondary treatment the 
quantity of components  dis- 
charged to the river may be excessive 
and pollutional. If an industry has 
wastes like these (and other examples 
will come to mind), it should consider 


isms, 


these 


whether the dilution with municipal 
sewage plus such removal as the treat- 
ment 


plant provides is adequate to 


The Pennsylvania Sewage and In- 
dustrial Wastes Association has had a 
voluntary plan for the certification of 
sewage treatment plant operators since 
1954. The plan is administered by a 
five-man board consisting of one man 
appointed by the Dean of Engineering 
of The Pennsylvania State University, 
one man appointed by the Chief Engi- 
neer of the Sanitary Engineering 
Bureau of the Pennsylvania Depart- 
ment of Health, and three men ap- 
pointed by the Pennsylvania Sewage 

* Presented at 3ist Annual Conference, 
Pennsylvania Sewage and Industrial Wastes 
Assn.; University Park, Pa.; Aug. 12-14, 
1959. 

+t Mr. Haseltine is a Partner in the firm of 
The Chester Engineers, Pittsburgh, Pa, 


eliminate stream pollution. 


WHAT AN OPERATOR NEEDS TO LEARN * 


By T. R. 


Secretary, Certification Board, Pennsylvania Sewage and Industrial Wastes Association ¢ 
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Lf not, the 
problem basically industry's, al- 
though the sewerage authority may be 
able to help. 


Conclusion 

The municipal sewer is the logical 
place, sometimes the only place, for 
the discharge of industrial wastes. To 
the extent that these wastes can be 
processed in the sewerage system, with- 
out hazard or damage or interference 
with the treatment of other wastes, 
they should be welcomed. If the wastes 
are not acceptable to the sewer, it is 
industry’s duty to make them so, by 
special forms of pretreatment ahead of 
the sewer. With good cooperation be- 
tween industry and the sewer author- 
ity, and with mutual understanding of 
the problems involved, industrial waste 
disposal can be accomplished with a 
minimum of friction. This should be 
the goal of all. 


and Industrial Wastes Association. It 
is mandatory that at least two of these 


men be active 
treatment plants. 


operators of sewage 


Rules and Regulations 


The rules and regulations under 
which the plan is administered are in 
part as follows: 


For the purpose of this certification 
plan an operator is defined as any person 
actually employed at one or more sewage 
treatment plants who, in the opinion of 
the Certification Board, has a substantial 
degree of responsibility for the operation 
and maintenance of that plant or plants 
and so must be capable of making decisions 
as to policy and directing the work of 
subordinates. As such, the term ‘‘ opera- 
tor’’ may include plant superintendents, 


| 
a 
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assistant superintendents, chemists, chief 
shift operators, or 


regularly required to trans 


operators, responsible 
others who are 
late the into 


plant operating procedure or otherwise ex 


results of laboratory tests 


ereise considerable 


in the 


judgment 
operation. 


independent 
control of the plant 
However, subordinate employees who have 
than to 
issued to 


no other duty carry 


them by 


out specific 
orders their superiors, 
or members of the mechanical or construe- 
tion trades whose only responsibility is the 
repair or maintenance of meelianical equip- 
ment are excluded. Also excluded are such 
officials as Mayors, Municipal Managers or 
Engineers, Directors of Public Works, Fae 
tory Managers, or Factory Superintendents 
who may exert some broad general super 
vision of budgetary or other policy matters, 
but who do not actually direct the daily 
routine operation of the plant. Con- 
sultants, Professional Engineers, or repre- 
sentatives of equipment manufacturers who 
occasionally advise and recommend methods 
of operating any or all portions of one or 
treatment plants, but who do not 
actually direct their daily routine operation, 
are also excluded. 


more 


Plant Size 


The rules provide for the issuance 
of both regular and temporary certifi- 
cates. All certificates issued specify 
the maximum capacity and type of 
sewage treatment plant for which its 
holder is qualified to operate. As re- 
gards treatment 
plants are classified on the basis of 
their design capacity into five cate- 
gories as follows: less than 0.1 
mgd, (b) less than 1.0 mgd, (c¢) less 
than 7.5 med, (d) less than 20.0 med, 
and (e) more than 20.0 med. 


capacity, sewage 


(a) 


Plant Type 


As regards type of treatment, all 
sewage plants are classified under one 
of the following (a) pri- 
mary, (b) chemical precipitation, (c) 
biological filtration, and (d) activated 
sludge. 

Holders of regular certificates for 
types of treatment other than primary 
treatment are permitted to operate pri- 
mary treatment plants of the same size- 
classification without other certifica- 
Holders of regular certificates 


categories : 


tion. 
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for activated sludge treatment are per- 
mitted to operate biological filtration 
plants of the size-classification 
without other certification. 


same 


Minimum Requirements 


Concerning minimum requirements 
for certification, the rules are in part 
as follows: 


Certificates will be issued by the Board 
on the basis of its opinion of the ap 
plicant’s knowledge and responsible experi- 
ence in actual operation of sewage treat- 
ment plants. In order to qualify for either 
a temporary or a regular certificate, the 
applicant must be able to read, write and 
perform arithmetic caleulations necessary to 
keep satisfactory operating records, which 
will be deemed to be 
grammar 


the equivalent of a 
education and constitutes 
the minimum educational requirement for 
such certification. Further education should 
aid an operator in understanding and op- 
perating sewage treatment and 
hence reduce the actual operating experi- 
ence necessary to qualify for regular certifi- 
cation, 


school 


processes 


The information in Table I is econ- 
tained in the rules and regulations for 
the guidance of the Board in eyaluat- 
ing an applicant’s eligibility for regu- 


lar certification. The rules further 
state that in making such an evalua- 
tion the Board shall take into eon- 


sideration any correspondence or short 
courses the applicant may have taken 
as well as his experience in occupations 
closely paralleling one or more phases 
of sewage treatment plant operation. 
If the Board is undecided concerning 
the applicant’s knowledge or responsi- 
ble experience in treatment 
plant operation, it shall examine the 
applicant. 

In the absence of sufficient experi- 
ence for regular certification, the Board 
may, at its discretion, issue a tem- 
porary certificate. Holders of tem- 
porary certificates may apply for regu- 
lar certificates after one year of actual 
operating experience, and if they fail 
to make application for regular certifi- 
cation within a period of two years 
after assuming such operating duties, 


sewage 
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Maximum 
Capacity of 


‘Type of Treatment 
Plant (mgd) 


Less than 0.1 Primary 

Chemical precipitation 
Biological filtration 
Activated sludge 


Less than 1.0 Primary 

Chemical precipitation 
Biological filtration 
Activated sludge 


Less than 7.5 Primary 

Chemical precipitation 
Biological filtration 
Activated sludge 


Less than 20 Primary 

Chemical precipitation 
Biological filtration 
Activated sludge 
More than 20 Primary 

Chemical precipitation 
Biological filtration 
Activated sludge 


or if the Board sees fit to refuse such 
applications, the temporary certificates 
become null and void. 


Examinations 

During the first four years of its 
administration, the Board required 
neither written nor oral examinations 
and during that time issued 98 regular 
certificates and 34 temporary certifi- 
cates. Since March 1958, the rules 
and regulations have been amended to 
make a written examination mandatory 
for any change in certification. Ex- 
aminations are held twice a year. The 
first examination was held in August 
1958 concurrent with the Association’s 
Annual Meeting at The Pennsylvania 
State University ; only a few applicants 
took the examination. The second ex- 
amination was held in February 1959 
in the various regional offices of the 
State Health Department. A total of 
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TABLE I.—Experience Requirements for Certification 


Minimum Years of Experience as an Actual 
Operator Normally Required for Applicants 
Having Varying Degrees of Education 


High 
School 
Graduate 


Grammar 
School 
Graduate 


| College Degree 


49 men took the examination. This 
paper attempts to summarize the re- 
sults of the February tests. 

The examination was divided into 
two parts: the first dealt with primary 
treatment and was compulsory for all 
applicants; the second was optional 
and dealt with secondary treatment. 
One set of questions was issued to those 
desiring certification for biological fil- 
tration and another set was issued to 
those desiring certification for acti- 
vated sludge plants. A total of 24 men 
took the activated sludge examination 
and 14 took the one for biological fil- 
tration. The examinations were writ- 
ten and applicants were permitted to 
use any handbooks, text books, and 
personal notes they desired. 

Admittedly, the examination was 
difficult and small-plant operators had 
to answer the same questions as big- 
plant operators. This plan was pur- 
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posely followed to give an opportunity 
to the 
demonstrate 


operators of small plants to 
their qualifications for 
certification to larger plants. Unlike 
most scholastic examinations, however, 
vrade was 


no predetermined passing 


established. It developed that many of 
the applicants did not understand this 
that the Board 


intended to simply use the examination 


procedure or realize 
results in conjunction with its review 
of the applicant’s experience in reach- 
ing an over-all evaluation of his quali- 
fications for certification. 
considerable consternation 


Therefore, 
developed 
among some of the operators over the 
difficulty of certain they 
were asked to solve. 


problems 


The examination for primary treat- 
ment consisted of 33 multiple-choice 
questions, 14 of which were designed 
to test the applicant’s general knowl- 
edge of primary treatment processes 
and The other 18 could 


not be answered without making some 


equipment. 


arithmetical computations. 
The examinations for 
treatment 


questions, 


secondary 
multiple-choice 


also. were 
Those for activated sludge 
contained 33 questions of which 20 re- 
quired some arithmetical caleulations. 
Those for biological filtration contained 
33 questions of which 16 required 
arithmetical computations. 


Applicants were given about two 


hours in which to complete each part 


of the examination and they were per- 
mitted to skip as many questions as 
they wished. Papers were graded on 
the the percentage of 
correct answers to all questions, and 


basis of (a 


(b) the percentage of correct answers 
to the number of questions attempted. 
They were similarly graded on the gen- 
eral the arithmetical 
Almost invari- 
ably the grades were far higher on the 
general questions than on the arith- 
metical ones. Many of the applicants 
attempted only a very few of the latter 
and not a single applicant answered 
all of them correctly. Therefore, it 


questions and 


questions separacely. 
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appears that in general operators are 
very weak on arithmetic. 


hee ulls 


The examination results showed that 
when the laboratory 
data, only 39 per cent of the applicants 
could correctly compute the concentra- 
tion of suspended solids in a sample 
of sewage, only 61 per cent could cor- 
rectly the concentration of 
volatile suspended solids in the sample, 
only 34 per cent could correctly com- 
pute the content of a sample 
of sludge, and only 31 per cent of the 
applicants for treatment 
certificates could correctly compute the 


given essential 


compute 


solids 
secondary 


The num- 
ber of applicants failing to attempt so- 
lutions to these four questions were 
10, 17, 15, 
tively. 

All applicants for secondary treat- 


BOD of a sewage sample. 


and 36 per cent, respec- 


ment certificates were questioned about 
the that take place in the 
alkalinity of sewage sludge as it un- 
Only 50 per cent of 
them guessed correctly, and ‘ 


changes 


dergoes digestion. 
‘ouessed’’ 
is used because only 30 per cent had 
any idea what the alkalinity would be 
in a primary digester of a properly 
functioning, two-stage digestion proc- 
ess, and only 22 per cent could 
rectly calculate the alkalinity of a 
sludge sample when given the essential 
laboratory data. Although only 8 per 
cent of the applicants skipped the first 
of these questions, 31 per cent skipped 
the second, and 36 per cent skipped 
the last. 

All of the remaining arithmetical 
problems dealt with actual operation 
rather than laboratory data. When 
given the flow through a primary basin 


cor- 


and the suspended solids concentration 
of the influent and effluent, 44 per cent 
of the applicants eould correctly 
pute the weight of solids removed and 
only 83 per cent skipped the problem. 
However, when given similar data and 
also the volume of wet sludge pumped 
from the basin, only 41 per cent of 


| 
| 
| 

: 
ty 


Vol. 32, No. 2 


the applicants could correctly compute 
the solids concentration of the sludge, 
and 32 per cent did not attempt the 
problem at all. 

In another problem, the volume and 
solids content of a sludge before con- 
centration and its volume after concen- 
tration and decanting were given. 
Only half of the applicants could eor- 
rectly compute the solids content of 
the concentrated sludge and 15 per 
cent did not attempt the problem. 

When average analyses of fresh and 
digested sludge were given, only 17 
per cent of the applicants could cor- 
rectly compute the percentage reduc- 
tion in volatile matter resulting from 
digestion although all but 19 per cent 
attempted the problem. When the same 
data plus the daily average volume 
of fresh sludge entering the digester 
was given, only 15 per cent could eor- 
rectly approximate the average daily 
gas production and 29 per cent did 
not attempt a solution. 

A group of four questions common 
to both secondary-treatment examina- 
tions dealt with vacuum filtration of 
sludge. The data given included the 
sq ft of filter surface, the time of 
operation, the volume of wet sludge 
applied, and its solids content as well 
as that of the resulting filter eake. 
The total weight of wet sludge applied 
to the filters was correctly caleulated 
by 33 per cent of the applicants, but 
only 11 per cent could correctly ealen- 
late the weight of filter cake removed: 
however, 28 per cent correctly caleu- 
lated the weight of sludge solids re- 
moved and 31 per cent correctly ealeu- 
lated the filtration rates in pounds per 
square foot per hour. Pereentages of 
applicants skipping these four ques- 
tions were 49 for the first three and 
50 for the last. 

About 61 per cent of the biologieal- 


filtration applicants had a_ working 


knowledge of how the capacity of a 
centrifugal pump varies with its speed, 
but when given the static head and the 
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total discharge head at one rate of 
pump delivery, only 38 per cent could 
correctly caleulate the total discharge 
head at a higher rate of pump de- 
livery. Both questions were skipped by 
23 per cent of the applicants. 

When the flow through a plant was 
given in mgd and the output of the 
blowers was given in cfm, only 44 per 
cent of the activated sludge applicants 
could correctly express air consump- 
tion in ecu ft/gal, and 18 per cent 
skipped the question entirely. 

Sixty-one per cent of the activated- 
sludge applicants could correctly caleu- 
late the Mohlman or sludge volume in- 
dex when given the ppm of suspended 
solids in the mixed liquor and the vol- 
ume of sludge in a liter graduate of 
that liquor after 30 minutes’ standing. 
but when the sludge volume index and 
the solids concentration were given, 
only 39 per cent could caleulate what 
volume the sludge would oceupy in a 
liter graduate after standing 30 min- 
utes; 13 and 22 per cent, respectively, 
failed to attempt these questions. 

When given the flow of sewage, the 
flow of return sludge, and the coneen- 
tration of solids in the mixed liquor 
along with certain other data such as 
the BOD of the influent to the aeration 
tank, the BOD of the final effluent. and 
the sludge volume index, only 9 per 
cent of the activated-sludge applicants 
could correctly calculate the solids con- 
centration of the return sludge and 82 
per cent did not attempt to answer 
the question. 

When given the rate of wasting 
sludge to a thickener in gpm, and its 
solids concentration in ppm, 61 per 
cent of the activated-sludge applicants 
could correctly compute the weight of 
solids wasted in 24 hr, but when they 
were also given the coneentration of 
sludge pumped from the thickener, 
only 43 per cent could calculate the 
weight of solids removed and only 26 
per cent could caleulate the average 
rate of pumpage from the thickener. 
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TABLE II.—Experience and Educational Background of Certificate Holders 


Type of Certificate Issued 


Maximum Size | Type of 
of Plant (mgd) Treatment 


to 


Over 20.0 Activated sludge 
Over 20.0 | 
Less than 20.0 


| 


— 


Bio. filtration 


¥ 
Less than 7.5 Activated sludge | 


Bio. filtration 
Primary 
Primary 


Less than 1.0 | Activated sludge 


Years of 
-- Actual 
Operating | 
| Experience 


Educational Background of Recipient 


B.S. in chem. eng. 

B.S. in civil eng. 

M.S. in san. eng. 

8th grade 

10th grade 

High school grad. 

High school grad. 

Sth grade 

High school grad. 

High school grad. plus | yr civil eng. 
| High school grad. plus 1 yr bus. col. 
7th grade 

B.S. in forestry 

High school grad. 

High school grad. 


5 10th grade 
| 5 High school grad. 
| 4 8th grade 
3 High school grad. 
| 34 | High school grad. plus 1 yr arch. drafting 
J 2 | 10th grade 
| Bio. filtration | 2 | A.B. in English plus 2 yr in science & math. 
2 | llth grade 
8 mo | High school grad. 
1 | High school grad. 
4 High school grad. 
J 4 | High school grad. plus | yr bus. col. 


Certificates Issued 


After review of the examination re- 
sults as well as the experience and 
educational qualifications of the ap- 
plicants, the Board saw fit to issue 
35 regular and 6 temporary certificates. 
Two men were refused certification be- 
cause they could show no actual ex- 
perience as an ‘‘operator’’ as_ that 
term is defined in the rules and regu- 
lations previously quoted. No action 
could be taken in the case of two other 
applicants because of their failure to 
file records of their experience and 
educational qualifications. 

In the opinion of the Board, two who 
already held regular certificates did 
not do well enough in their examina- 
tion to warrant any change in the type 
or size of plant for which they were 
certified and two men who held un- 
expired temporary certificates were re- 


fused regular certificates because of 
their poor showing in the examination. 
Two operators of primary treatment 
plants did so well in their examina- 
tions that they were issued certificates 
for secondary treatment plants. Two 
operators of secondary treatment 
plants did so well in their examinations 
that they were issued certificates for 
plants of larger capacity than those 
at which they were trained or em- 
ployed. Fifteen of the regular cer- 
tificates that were issued were for the 
same type of plant but of smaller 
capacity than those at which the appli- 
cant was trained or employed. 
Possibly this is an indication that 
the examination was too difficult or too 
severely graded; however, when the 
types of regular certificates issued are 
compared with the educational back- 
ground and experience guides as set 
forth in Table I, it appears that 17 
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men received certificates for either 
larger plants or higher types of treat- 
ment than they would have qualified 
for without examination and _ con- 
versely only 8 men did so poorly in 
the examination that they received cer- 
tificates for either lower types of treat- 
ment or smaller plants than their 
educational background and experience 
would have indicated that they were 
entitled to. The remaining 14 recipi- 
ents of regular certificates were unaf- 
fected by the examination, i.e., they 
received the same type of certificate as 
their educational background and ex- 
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perience would have qualified them for 
had they not been required to take the 
examination. 

In the Board’s opinion, the results 
of the examination showed that al- 
though a higher education is helpful 
to a sewage treatment plant operator, 
it is by no mean essential to the op- 
eration of a moderate-sized plant. 
Table Il shows the experience and edu- 
cational qualifications of the recipients 
of the top 27 regular certificates issued. 
For each size and type of plant the 
recipients are listed in the order of 
their showing in the examinations. 


TIPS AND QUIPS 


Pennsylvania’s Industries Treat 
Wastes * 


By the end of 1958, 1,235 of the 1,743 
waste-producing industries in Pennsyl- 
vania had waste treatment facilities. 
This amounts to 71 per cent of the total. 


Ventilated Storm Sewer + 


When Dulles International Airport 
is completed, it will have ventilating 
fans in the storm sewer to keep explo- 
sive air-fuel mixtures from accumulat- 
ing. Located about 20 miles from 
Washington, D. C., the airport will 
occupy more than 15 square miles. 


Kentucky-Tennessee Awards 


Shown to the right is a picture of an 
award of the Kentucky-Tennessee In- 
dustrial Wastes and Sewage Works As- 
sociation which recognizes the out- 
standing operation of an industrial 
waste treatment plant. Similar awards 
recognize: (a) outstanding sewage 
treatment plant operation, (b) the in- 
dustry or community which has done 


° From Cle an Streams (June 1959). 
t From Building Science News (Nov. 1959). 


THE KENTUCKY-TENNESSEE INDUSTRIAL WASTES 
AND SEWAGE WORKS ASSOCIATION 


Confers Kis dad on 


in Recognition of Outstanding Operation 
ot Them Industrial Waste Treatment Plant 


during the year '9 


Kentucky-Tennessee award 


the most to abate a serious pollution 
problem, and (c) the member who has 
written the best news article for the 
Kentucky-Tennessee Newsletter. 

Four awards for operation, four for 
pollution abatement, and one for news 
reporting can be made each year. 


SEwa, 
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Plastic Sanitary Sewer 


From E. A. Symonds, Superintend- 
ent of Sewers, Needham, Mass., comes 
word on what is believed to be the first 
8-in. plastic sewer main * in the United 
States. 


FIGURE 1.—Fifteen-foot lengths of 
eight-inch plastic pipe. 


The particular job consisted of 300 
ft of 8-in. main and three house serv- 
connection 
sisted of approximately 50 ft of 4-in. 
pipe. The installation 
completed in June 1959. 

One of the 
plastie sewer main is that any desired 


1ces, service con- 


plastic was 


interesting features of 
length can be furnished since the ex- 
trusion of the pipe is a continuous 


process. The manufacturer suggested 

* Manufactured by the 
a Division of the 
ville, Ohio. 


Evanite Plastie Co., 


Evans Pipe Co., Ulrichs- 
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30-ft sections, but the practical con- 
siderations of handling from yard to 
job site and the limitation on the total 
length of ditch to be opened at any 
given time made 15-ft lengths desirable 
(Figure 1). With a weight of 214 
lb/ft, each 15-ft length weighed only 
38 lb. Two lengths were easily carried 
by one man. 


Installation 


Installation was handled by a Boston 
contractor who 
instructions 
the work. 


verbal 
with 
By having an experienced 


received only 


before proceeding 
sewer contractor make the installation 
it was hoped to get a better comparison 
of the 
plastie pipe. 

The 


from an 


problems involved in the use of 


contractor started laying pipe 
existing manhole in 
which an 8-in. vitrified clay stub had 


been installed previously. 


brick 


The plastic 
pipe was inserted into the stub, the 
joint sealed with jute, and finally filled 


FIGURE 2.—Joint for plastic pipe is 
solvent welded. 
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with cement mortar. To insure against 
leakage the whole joint was encased. 

The pipe laying presented no special 
problem even though considerable 
ground water was present. A generous 
amount of crushed stone was used as a 
bed ; the stone was banked on each side 
of the pipe at least to the spring line. 
sackfilling to a depth of about one 
foot above the top of the pipe was 
carefully done by hand and the rest of 
the trench was filled by machine. 

The lengths of pipe were joined by 
plastic cement. The pipe, with ecou- 
pling, was lowered to the trench bot- 
tom and cemented into the previously 
laid coupling (Figure 2). After a 
length of pipe was jointed in the 
trench, it was adjusted by the use of 
washed stone to conform to the proper 
line and grade and then covered with 
selected backfill. 


House service connections were made 


with saddle-type plastic wyes with 
4-in. branches. A drill and keyhole 
saw were used to eut the necessary 


hole in the plastic main. Plastie ce- 
ment was then applied to the inside 
surface of the plastic 8- by 4-in. sad- 
dles and to the plastic main around 
the hole. The saddle was then held 
against the main (Figure 3) until the 
cement hardened (this method of mak- 
ing connections is extremely convenient 
after the main has been covered, but 
on initial installations in the future, 
sleeved plastic wyes fabricated from 
pipe stock will be used to eliminate 
the cutting of the oval hole in the 
main). 

The actual cost of laying 
ing the 15-ft lengths of 8-in. main did 
not differ materially from that ex- 
perienced with 13-ft lengths of as- 
bestos-cement pipe, but it was mark- 
edly lower than the cost of installing 
4-ft lengths of clay pipe. According 
to Mr. Symonds, the greatest installa- 
tion advantage offered by plastic pipe 
is that it can be cut anywhere and re- 
joined without further machining or 
working. It is cut easily with a hand- 


and join- 
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saw, it can be drilled to make connec- 
tions, and any inspection hole cut in 
the main can be closed merely by 
cementing a piece of pipe over the hole. 

A minor objection to the pipe fur- 
nished was that it had too much longi- 
tudinal flexibility. This necessitated 


FIGURE 3.—Four-inch plastic house 
connection joins eight-inch main. 


very careful bedding and backfilling to 
maintain grade and alignment. This 
condition was reported to the manu- 
facturer who has since altered the 
plastic formulation to achieve greater 
rigidity. 

After completion of the installation, 
the pipeline was found to be completely 
straight and free of any moisture. 

Several days later, the downstream 
ainhihe was checked and found to be 
dry. 


Evaluation After Six Months of Serv- 
ice 

After six months, the main was again 
checked for evidence of deformation 
and leakage. 

A mirrored light was flashed from 
one manhole to the other. The pipe 
was found to have retained its original 
alignment and roundness. There was 
no infiltration at joints. 

Since the initial installation of a 
plastic sanitary sewer, an 8-in. plastic 
storm sewer has been laid with equal 
success. 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


Clarence E. Keefer has assumed the 
duties of Sewerage Engineer, Bureau of 
Sewers, Baltimore, Md. 

O. C. Thompson, Union Carbide Chemi- 
eals Corporation, has been elected Chair- 
man of the Water Pollution Abatement 
Committee of the Manufacturing Chem- 
ists’ Association. 

LeRoy W. Van Kleeck, former Prin- 
cipal Sanitary Engineer of the Connecticut 
State Department of Health, has joined 
Bowe, Albertson & Associates, New York. 

R. F. Orth, General Manager of the 
Johns-Manville Pipe Division, has been 
elected a Senior Vice-President of the com- 
pany. 

Edward F. Morey, Jr., is now heading 
the newly organized Western Regional Of- 
fice of B-I-F Industries, Inc., with head- 
quarters in Dallas. 

A. V. (Cap) DeLaporte, Director of 
the Division of Laboratories and Research 
for the Ontario Water Resources Commis- 
sion, recently retired after serving 48 years 
with the Ontario government. 

John W. Cunningham, Consulting En- 
gineer of Portland, Oregon, died recently. 
He served a partial term as Vice-President 
of the Federation during 1955-56. 

George W. Kelsey, Vice-President of 
B-I-F Industries, Inc. of Providence, R. 
I., in December was installed as President 
of the Water and Sewage Works Manufac- 
turers Assn. 

Parsons, Brinckerhoff, Hall & Mac- 
donald, engineering firm of New York, has 
changed its name to Parsons, Brincker- 
hoff, Quade & Douglas. 

Eugene Weisberg has been named Di- 
rector of Sanitary Engineering for Pantech 
Engineers with headquarters in Pittsburgh. 
He was formerly Assistant Research Pro- 
fessor of Sanitary Science of the Graduate 
School of Public Health at the University 
of Pittsburgh. 

Robert S. Ingols, Head of the Depart- 
ment of Applied Biology at the Georgia 
Institute of Technology, has been elected 
Chairman of the American Chemical So- 
ciety’s Division of Water and Waste Chem- 
istry for 1960. 

Michael A. Groen is now Plant Super- 
visor of the Bromley 


sewage treatment 
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plant, Kenton-Campbell Counties, Ky. He 
has been Superintendent of Sewage Treat- 
ment at Dearborn, Mich., for 25 years. 

Thomas J. Powers, Supervisor of Waste 
Control for the Midland, Mich., Division of 
the Dow Chemical has_ been 
named to head the consulting section of 
Dow Industrial Service, a new division. 

Louis R. Howson, Senior Partner in the 
Chicago firm of Alvord, Burdick & How- 
son, has been named the “Chieago Civil 
Engineer of the Year, 1959” by the Tlinois 
Section of ASCE. 

L. D. Matter has joined the staff of the 
Philadelphia firm of Albright & Friel, Inc. 
and will have headquarters in Harrisburg, 
Pa. He was formerly Chief Engineer of 
the Water Supply Section of the Penn- 
sylvania Department of Health. 

H. J. N. Kessener, inventor of the brush 
aerators bearing his name, died recently in 
The Netherlands. 

Smith and Loveless, Inc., Lenexa, 
Kans., has become a division of Union Tank 
Car Company, Chicago. B. Alden Smith 
and Compere Loveless will continue to di- 
rect the operation of the new division. 

Wildred F. Langelier, Professor Emeri- 
tus of Sanitary Engineering of the Uni- 
versity of California, received a 50-year 
membership certificate from the American 
Chemieal Society. 


Company, 


Professor Langelier has 
been recognized widely for his research in 
water chemistry. 

Paul O. Richter, Vice-President of The 
Eimco Corporation, has been named Gen- 
eral Manager of the Filter Division, in Salt 
Lake City, Utah. 

Frank M. Macioce of Park Ridge, IIlL., 
has been appointed Regional Sales Manager 
of Industrial Filter and Pump Manufactur- 
ing Co. 

Charles C. Nolan has been named West- 
ern District Manager for Hardinge Com- 
pany, Inc., and will be in San Francisco. 
R. L. Baldwin is retiring as Distriet Man- 
ager but will continue to act in a full-time 
consulting capacity. 

William T. Ingram, New York consult- 
ing engineer, has opened a West Coast of- 
fice in Walnut Creek, Calif. 

Jones, Henry & Williams, Toledo en- 


gineering firm, has occupied new headquar- 
ters at 2000 West Central Ave. 
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BIOSORPTION® Activated Sludge Plant 
Neillsville, Wisconsin 


Consulting Engineers 


Davy Engineering Co., Inc 
La Crosse, Wisconsin 


SUPERIOR 
FEATURES 


PRESSURE RELIEF and 
VACUUM BREAKER VALVE “VAREC" Fig. No. 5800C 
with FLAME ARRESTER Pressure Relief and Vacuum Breaker 
Valve installed on INFILCO unit. 
FIG. No. 5800C 


The multi-plate Flame Arrester bank Easy to clean. Just loosen frame hold- 
has larger area than competitive units ing Flame Arrester plates together — 
of same size. plates separate to permit easy clean- 
Much more flow per minute than ing with distillate, chemical solution 
same size competitive equipment, or wire brush. 

due to less capillarity and friction in 

the Flame Arrester passageways; &, All aluminum construction makes 
streamlining and expanding passage- “VAREC” Pressure Relief and Vacu- 
ways of Pressure Relief and Vacuum um Breaker Valve corrosion resistant. 
Breaker Valve. Lighter weight facilitates installation. 


The flame arresting element is identical to that listed by 
Underwriters Laboratories and approved by Associated 
Factory Mutuals Laboratories for use on oil storage tanks 
on which hazard is considerably greater than that generally 
encountered in sewage treatment plants. 

Send for “‘WAREC"™ Catalog S-3 today. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street, Compton, California 
Cable Address: Varec Compton California (U.$.A.) All Codes 


Available from Authorized Equipment Agents throughout the U.S. and Canada. 
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WPCF PUBLICATIONS 


MANUALS OF SEWAGE AND INDUS- 
TRIAL WASTES PRACTICE 


Manual Price to Price to 
Number Title Members* Non-Members* 


1 Safety in Wastewater Works $1.50 
2 Utilization of Sewage Sludge as Fertilizer. 0.75 1.25 
3 Municipal Sewer Ordinances (Revised)... —t 
4 


Chlorination of Sewage and Industrial 
Wastes 


Air Diffusion in Sewage Works 


Units of Expression for Wastes and Waste 
Treatment 


Sewer Maintenance 
Multiple wire binder for above manuals... 
Sewage Treatment Plant Design 


Design and Construction of Sanitary and 
Storm Sewers 


Uniform System of Accounts for Sewer 
Utilities (revised) 


OTHER FEDERATION PUBLICATIONS 


INDEX, SEWAGE WORKS JOURNAL, Volumes 1-20, 1928-1948 
(Subject, Author, and Geographical), buckram, $3.00. 


INDEX, SEWAGE AND INDUSTRIAL WASTES, Volumes 21-30, 
1949-1958 (Subject, Author, and Geographical), buckram, $4.00; paper, 
$3.00. 


GLOSSARY—-WATER AND SEWAGE CONTROL ENGINEERING, 
paper cover, $1.00. 


* Discount of 15% on orders for 12 or more copies of any one manual. 
t Available in 1960. Write for prices. 


Order manuals by number. When remittance accompanies order, 
postage is prepaid. If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 


WATER POLLUTION CONTROL FEDERATION 
4435 WISCONSIN AVENUE WASHINGTON 16, D. C. 


te 1.00 1.25 

; 0.25 0.50 

7 1.00 1.50 
2.00 2.00 
8 3.50 7.00 
3.50 7.00 
: 
on 
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Proceedings of Member Associations 


NEW ENGLAND SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 
Spring Meeting 

The 1959 Spring Meeting of the 
New England Sewage and Industrial 
Wastes Association was held at Exeter 
and Durham, N. H., May 13-14, 1959. 
Total registration was 149. 

The technical program included pa- 
pers on the Pease Air Force Base sew- 
treatment plant, treatability of 
industrial financing, mainte- 
nance of chlorine equipment, and pro- 


age 


wastes, 


tective coatings. 
A field trip to the Pease Air Base 
treatment plant followed the techni- 


eal sessions. 


Annual Meeting 


The 31st Annual Meeting of the New 
England Sewage and Industrial Wastes 
Association was held at the Sheraton- 
Biltmore Hotel, Providence, R. L., Oct. 
21-22, 1959. Total attendance was 
203, including 13 ladies. 

The technical program opened with 
a joint session on ‘‘Rebuilding of a 
Major Sewage Treatment Plant’’ by 
Ariel A. Thomas, Metcalf and Eddy, 
Boston, Mass., and Howard F. Carp- 
enter, Chief of Sanitation, Providence, 
R. L., covering the Providence plant. 

Following the joint session, coneur- 
rent sessions were held. An operator’s 
session covered ‘‘Meter Maintenance”’ 
by David Giammarco, B.L.F. Indus- 
tries, and ‘* Maintenance of Conveyor 


(Continued on page 79a) 


pumps almost everything 


(what will go in will come out) 


« recessed impeller; continuous open passage 


(chances are it will work profitably for you) 


Western Machinery Company 650 Fifth Street » San Francisco, Calif. 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


list was derived by 
advertisers. All 


in this issue. 


Associate 
endar year are included. 


This list of products and services is offered as an information aid. 
solicitation from those 
make every effort to keep this list current with the help of members and 
advertisers for the 
products are advertised 
See page 95a for an alphabetical listing. 


firms 


Members and all 


Many of the services and 


listed. 


The 
will 
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past cal- 


Aerators (also see Diffusers, Air) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp. 

Graver Water Conditioning Co. 

Infileo Inc. 

Link-Belt Co. 

Pacific Flush Tank Co 

Penberthy Mfg. Co., Div 
Eclipse Corp 

Permutit Co., Div. of 
mutit Inc 

Smith & Loveless, Inc. 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Yeomans Brothers Co. 

Zimmer & Francescon 

Agitators 

Link-Belt Cx 


Air Equipment 
Westinghouse Electric Corp 


of Buffalo- 


Pfaudler-Per- 


Blow- 


(also see 
and Fans) 


Air Compressors 
ers, Compressors 
Chicago Pun Pp ( 
Fairbanks, 
Komline-S andes on 
Worthington 
Yeomans Bri Co 


Air Diffusers (see 


Asbestos Cement Pipe Products 
Filtration Equipment Corp 

Industrial Mate ( 

Johns-Manville Sales Corp. 

Keasbey & Mattison Co 

Ash Handling Equipment 
Link-Belt Co 


Automobiles and Trucks 
Vulcan Materials Co. 


Engr. Corp 


Diffusers, Air) 


Bearings 
Link-Belt Co 


Bins, 


Biologists 
neers) 


Tanks) 


Directory of 


Storage 


Blowers (also see 
Compressors, and Fans) 

Chicago Pur ‘Oo 

Roots-Connersv Blower, Div. of 
Dresser Industries Inc. 

Yeomans Brothers C 

Zimmer & Francescon 

Boilers 

Combustion Engineering, Inc. 

Building Maintenance 
ment and Supplies 

Homestead Valve Mfg. Co 


Cast Iron Pipe Products 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 


Engi- 


Air Compressors, | 


Equip- | 


Industrial Materials Co. 
S. Pipe & ety Co. 
R. D. Wood ¢ 


Cement (see Concrete) 


Centrifuging Equipment 
Bird Machine Co. 


Chains 

Chain Belt Co. 
Link-Belt Co 
Webster Mfg., Inc. 


Chemical Feed Equipment 

Suilders 
dustries 

Eimco Corp 

Fischer & Porter Co. 

Graver Water Conditioning Co. 

Infilco Inc. 

Jeffrey Mfg. Co 

Komline Sanderson Engr. Corp. 

Link-Belt Co 

Omega Div , B-I-F Industries 

Permutit Co., Div. of 
mutit Inc 

Prop wtioneers Div., B-I-F Industrie 

Wallace & Tiernan Inc. 


Chemicals 

Cloroben Chemical Corp. 

Dow Chemical Co 

General Chemical Div., 
ical Corp 

Tennessee Corp 

Vulcan Materials Co. 


Chemists (see 
neers) 


Directory of Engi 

Chlorination Equipment 

Builders-Providence Div., B-I-F In 
dustries 

Everson Mfg. Co. 

Fischer & Porter Co 

Graver Water Conditioning Co. 

Wallace & Tiernan Inc. 

Zimmer & Francescon 


Clarifier Equipment (also see 
Sedimentation Equipment) 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Chain Belt Co 
Chi azo Pump Co. 
Dorr-Oliver Inc 
Eimco Corp 
Graver Water Conditioning Co 
Hardinge Co., Inc 
Infilco Inc 
Jeff frey Mfg. Co 
line-Sanderson Engr. Corp 
lave ide Engineering Corp 
Link-Belt Co 
Permutit Co., Div. of 
mutit Co 
Walker Process Equipment Inc. 
Yeomans Brothers Co 
Zimmer & Francescon 
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Pfaudler-Per 


-Providence Div., B-I-F In- 


Pfaudler-Per- 


Allied Chem- 


Clay Pipe Products 

Industrial Materials Co. 

National Clay Pipe Mfrs., Inc. 
Wedge-Lock Clay Pipe Mfrs., Inc. 


Coatings and Linings (Pipe and 
Tank) 

Amercoat Corp 

Centriline Corp 

Inertol Co., Inc 

Koppers Co., Inc 

National Water Main Cleaning Co. 

Perry-Austen Mfg. Co 

Pittsburgh Coke & Chemical Co. 

Stebbins Engr. & Mfg. Co 

Vulcan Materials Co 


(also see Shredders 
and Grinders 

Aly ha Ltd (Switzerland) 

American Well Works 

Chicago Pump Co 

Dorr-Oliver Inc 

Gruendler Crusher & Pulverizer Co 

Infilco Inc 

Jeffrey Mig. Co 

Smith & Loveless, Inc. 

Walker Process Equipment Inc 

Worthington Corp 


Compressors 

Chicago Pump Co 

Fairbanks, Morse & Co 

Komline-Sanderson Engr. Corp. 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Worthington Corp 

Yeomans Brothers Co 


Computers 
Minneapolis-Honeywell Regulator Co., 
3rown Instruments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn. 
Vulcan Materials Co 


Concrete Pipe Products 
American Concrete Pressure 
Assn 
American-Marietta Co 
Gray Concrete Pipe Co., Inc. 
Industrial Materials Co 
ock Joint Pipe Co 
Portland Cement Assn 
Price Bros. Co 
Vulcan Materials Co. 


Pipe 


Construction Equipment 
Chain Belt Co 

Eimco Corp 

Worthington Corp 


Controls (also see Instruments, Re- 
cording and Control) 

Bailey Meter Co 

Builders-Providence Div 
dustries 


B-I-F In- 


: 
3 
: 
| 
| 
| 
“a 
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Sludge 


Collectors’? by C. E. Smith, 


Chain Belt Company. 

The consultant’s session heard a 
panel discussion of  ‘* Accelerated 


Sludge Digestion Systems’? by Frank 
Burdee, Dravo Corporation; Robert L. 
Yoeum, Dorr-Oliver Inc.; Thomas For- 
rest, Chicago Pump Company; and 
Leonard L. Langford, Pacifie Flush 
Tank Company. 

After lunch, the Mayor of Provi- 
dence brought greetings from the City, 
and Federation Secretary Ralph E. 
Fuhrman commented and reported on 
Federation affairs. 

Also, he presented the 1959 Hatfield 
Award for excellence in sewage plant 
management to Clarence V. Hickey, 
Blackstone Valley Sewer District, 
Providence, R. I. 

The 1959 Bedell Award for service 
to the local association was presented 
to Walter M. Kunsch, Waterbury, 
Conn., for his excellent work on the 
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Salary Study and the Operator Certifi- 
cation Committees. 

The following officers were elected 
to serve during 1959-60: 


President: Walter M. Kunsch, Water- 
bury, Conn. 

Ist Vice-President: Joseph B. Hanlon, 
Quincy, Mass. 

2nd Vice-President: Howard F. Carp- 
enter, Providence, R. I. 

Secretary-Treasurer: Earl R. 
ard, Hartford, Conn. 


How- 


R. Howarp 
Secretary-Treasurer 


CANADIAN INSTITUTE ON 

SEWAGE AND SANITATION 

The 26th Annual Convention of the 
Canadian Institute on Sewage and 
Sanitation was held at the Royal York 
Hotel, Toronto, Ont., Sept. 28-30, 
1959. The total registration was 671. 


(Continued on page 81a) 


SLIDE 
GATES 
by 


pressure. 


SEND FOR 


FREE 
LITERATURE 
and 
Specifications 


This is an asbestos-cement sheet with an acid re- 
sistance impregnation which is moulded at high 
Surfaces are sanded to a smooth finish. 


We consider this material more suitable than metals 
since it is relatively light in weight, corrosion resist- 
ant, acid resistant, does not require painting, and 
has a lower frictional coefficient than most metals 
after a period of use. This enables gates to be more 
readily removed. 


* FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK ST. ROCHESTER, N. Y. 


FILTRATION * 


These slide gates are fabricated of ““Chemstone E”. 


SS 
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Burgess-Manning Co Penn Instru 


ments Div 


Chicago Pump Co 
Fischer & Porter Cc 
Foxboro 


General Electric ¢ 
Homestead Valve & Meter Co 
Infilco Inc 
Minneapolis- 
Brown In 
Permutit Co 
mutit Co. I 
Rockwell Mig. Co 
Wallace & Tiernan 
Westinghouse FE] 
Worthington Corp 


Honeywell Regulator Co., 
truments Div 
Div. of Pfaudler-Per 


Inc 


irk 


Corp. } 


Conveyors 
American Well Works 
Chain Belt Co 


Chicago Pun Co. | 
te Jeffrey Mig. Cc 
Link-Belt Co. 
Stuart Corp | 
Webster Mig., Inc. 
Corrosion Protection 
Amercoat Corp 
Chicago Pump Co. | 
Inertol Co., Inx | 
Johns-Manville Sales Corp. 
Koppers Co., Inc | 
Perry-Austen Mig. Ce 
Stebbins Engr. & Mig. Co 


Wallace & Tiernan Inc 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 
Alpha Ltd. (Switzerland) 

American Well Works 
Carborundum ( 

Chicago Pi I 
Dorr-Oliver In« 
Eimco Corp 
Infilco 


ip ¢ 


Lakeside Engineering Corp 
Link-Belt 
Pacific Flush Tank Cc 
Penberthy Mig. Co., Div. of Buffalo- 
Eclipse Corp 
pe Walker Proce Equipment Inc 
Wemco Div., Wests Machinery Co. | 
Zimmer & Francescor | 
Diffusers, Gas (also see Aerators) 
American Well Works 
Carborundum Co 


3 Chi ago Pump Co. 
Eimco Corp 
Infilco Inx 
rie Walker Process Equipment Inc 


Yeomans Brothers Cx 

4 Digestion Tank Equipment 

i Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. } 

Dorr-Oliver Inc 
Eimco Corp 


Hardinge Co., Inc. 
Infilco Inc 

Jeffrey Mig. Co 
Lakeside Engineerir 
Link-Belt 
Pacific Flush 
Smith & I 
Vapor Recover 
Walker Process 
Yeomans Brothers ( 
Zimmer & Francescon 


g Corp 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter 
Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Lakeside Engineering 
Link-Belt C« 

Pacific Flush Tank Co 
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Smith & Loveless, Inc 
Walker Process Equipment Inc 
Yeomans Brothers Co 


Zimmer & Francescon 


Dryers 

Alpha Ltd. (Switzerland) 
Combustion Engineering, Inc. 
Eimco Corp 
Hardinge Co., Inc 
Komline-Sanderson 
Link-Belt Co 
Nichols Engr. & Research Corp. 
Stuart Corp. 


Engr. Corp 


Ejectors 
Komline-Sanderson Engr. 
Smith & Loveless, Inc. 
Tex-Vit Supply Co 
Yeomans Brothers Co 


Corp. 


Engineers 
neers) 


(see Directory of Engi- 


Engines (Sludge Gas and Pe- 
troleum Fuels) 

Climax Engine Mig. Co. 

Fairbanks, Morse & Co, 

Waukesha Motor Co. 

Worthington Corp. 


Fans (also Air Compressors, 
Blowers, and Compressors) 

Chicago Pump Co 

Lakeside Engineering Corp 

Westinghouse Electric Corp 


Filter Equipment, Trickling 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co 

Dorr-Oliver Inc 

Dow Chemical Co. 

Eimco Corp 

Filtration Equipment Corp. 

er justrial Materials Co 
Inc 

Keasbey & Mattison Co. 
Komline-Sanderson Engr 


Infileo 


Corp 


Lakeside Engineering Corp 
Nichols Engr. & Research Corp 
Pacific Flush Tank Co 


Smith & Loveless, Inc 
Trickling Filter Floor Inst. 
Walker Process Equipment Inc 
Yee mans Brothers Co. 

Zimmer & Francescon 


Filter Materials 
Carborundum Co 

Filtration Equipment Corp. 
Graver Water Ce inditioning Co. 
Industrial Materials 
Johns-Manville Sales Corp. 
Vulcan Materials Cc 


Filters, Diatomaceous Earth 
Graver Water Conditioning Co 


Yeomans Brothers Co. 

Filters, Vacuum (also see Vacuum 
Filters) 

Bird Machine Co. 

Dorr-Oliver Inc 

Eimco Corp 


Proportioneers Div., 


Flocculating Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chain Belt Co 

Dorr-Oliver Inc. 

Eimco Corp 

Graver Water Conditioning Co 
Hardinge Co., Inc. 

Infilco Inc 

Jeffrey Mig. Co. 

Lakeside Engineering Corp 
Link-Belt Co 

Stuart Corp 

Walker Process Equipment Inc 


B-I-F Industries | 


Webster Mfg., Inc. 
Zimmer & Francescon 


Flotation Equipment 
Chain Belt Co 

Dorr-Oliver Inc. 

Eimco Corp 

Graver Water Conditioning Co. 


Komline-Sanderson Engr. Corp. 

Yeomans Brothers Co 

Flow Measurement 

Bailey Meter Co. 

Burgess-Manning Co., Penn Instru- 
ments Div 


Filtration Equipment Corp. 


Gas Control Equipment 

Alpha Ltd. (Switzerland) 

Burgess-Manning Co., Penn 
ments Div. 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Foxboro Co 

Homestead Valve Mfg. Co. 

Pacific Flush Tank Co 

Rockwell Mig. 

Vapor Recovery Systems Co. 

Walker Process Equipment Inc. 

Zimmer & Francescon 


Instru- 


Gas Diffusers (see Diffusers, Gas) 

Gas Holders, Boilers, and Ap- 
purtenances 

Ralph B. Carter Co. 


Chicago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

Johns-Mz snville Sales Corp. 
Pittsburgh-Des Moines Steel Co. 
Walker Process Equipment Inc. 


Gaskets 
Johns-Manville Sales Corp, 
Keasbey & Mattison Co. 


Gates 
Armco 

nec. 
Filtration Equipment Corp. 
Industrial Materials Co. 
Snow Gates & Valves, Inc. 
Webster Mfg., Inc 


Drainage & Metal Products, 


Generators 

Climax Engine Mfg. Co. 
Fairbanks, Morse & Co. 
General Electric Co. 
Westinghouse Electric Corp. 
Worthington Corp 


— Control Materials 
Cloroben Chemical Corp 

Grinders (also 
Grinders) 
Alpha Ltd. (Switzerland) 
American Well Works 

Chain Belt Co 

Dorr-Oliver Inc. 

Gruendler Crusher & Pulverizer Co 

Jeffrey Mig. Co 

Yeomans Brothers Co 


see Shredders 


and 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 

Americ an Well Works 

Chain Belt Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Jeffrey Mig. Co. 


Link-Belt Co 

Stuart Corp 

Walker Process Equipment 
Webster Mfg., Inc 
Zimmer & Francescon 


Inc. 


hk 4. 
—— 
| 
| 
| 
| 
‘ 
4 
| 
| 
s Co. 
ent Inc 
: 
| 
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The papers given at the convention 
wide field. The Institute 
was fortunate in having as the author 
of one of these papers Mr. J. Me- 
Nicholas of Manchester, England. He 
reviewed what is being done Eng- 
land in sewage treatment. 

Sewage oxidation ponds were re- 
viewed in two papers: one by D. R. 
Stanley of Edmonton, and the other 
by John Neil of the Ontario Water 
Resources Commission, Toronto. 

The Humber Sewage Treatment 
Plant for Metropolitan Toronto re- 
ceived a good deal of attention through 
a paper by Commissioner Ross 
Clark, and by a visit to the plant. 

The organic type of industrial wastes 
is a major problem in many centers. 
The treatment of these wastes was cov- 


covered a 


ered in a paper by L. F. Oeming of 
the Michigan Water Resources Com- 
mission. 


Total oxidation for use in small sew- 
age treatment plants was described in 
a paper by S. G. Chipman in which 


ELIMINATE YOUR 
WATER TREATMENT 
PROBLEMS WITH... 


THE COAGULANT 
WITH THE 
PLUS FEATURES... 


Excellent Taste and Odor Control 
Increased Filter Runs 

Coagulation Over Wide pH Range 
Rapid Floc Formation Turbidity Removal 
Manganese and Silical Removal 
Bacteria Removal Ease of Operation 
Efficient and Economical 
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reference was made to a plant under 
near London, Ont. 

The final paper was the result of 
a combination of efforts by Hans 
Becker, J. G. Henry, and J. C. F. Mae- 
Donald who reviewed peculiar prob- 
lems encountered in the construction 
of trunk sewers and treatment works 
at Port Arthur, Ont. 

At the Annual Banquet, more than 
500 members and guests saw FSTIWA 
Past-President K. S. Watson present 
to W. S. MeFaul of Hamilton, Ont., 
the Bedell Award for outstanding per- 
sonal service to the Canadian Insti- 
tute. 

At the business meeting these officers 
were elected to serve during 1959-60: 


President: W. L.. Waldrop, Winnipeg. 
Vice-President: R. L. Clark, Toronto. 
Secretary-Treasurer: A. E. Berry, To- 
ronto. 
A. E. Berry 
Secretary-Treasurer 


(Continued on page 83a) 
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aw ERRIC SULFATE 


+ TREATMENT 


Efficient Coagulation 
of Surface or Well 
Water—Effective in 
lime soda-ash soften- 
ing—Adaptable in 
' treatment of all indus- 
trial applications. 


SODIUM SILICO FLUORIDE- 
for Fluoridation of municipel 
water supplies. Availabhe fee 
prompt shipment. Inquifies. ins 


vited. ~ = 


FREE BOOKLET Let us send you 
without charge, a 38-page book- 
let that deals specifically with all 
phases of coagulation—just send 
us a postal card. 


615-629 GRANT BUMLDING, ATLANTA 3. GEORGIA 


SEWAGE 
TREATMENT 


Coagulates over 
wide pH ranges and 
provides efficient 

' operation regardless 
of rapid variations 
of raw sewage— 
Very effective for 
conditioning sludge 
prior to vacuum 
filtration or drying 
on beds. 


— 
| 
) 
j 
| 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mig. ( 


Equip- 


Heating Equipment for Diges- 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co 

Chicago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

General Electric Co. 

Infilco Inc 

Link-Belt Co 

Pacific Flush Tank Co. 

Walker Process Equipment Inc 


Incinerators 

Combustion Engineering, Inc 
Morse Boulger, Inc 

Nichols Engr. & Research Corp 
Pittsburgh-Des Moines Steel Co 
Walker Process Equipment Inc 


Ion-Exchange Equipment 

Permutit Co., Div. of Pfaudler-Per- 
mutit Inc. 

Insect Control 

Cloroben Chemical Corp 

Leeco Chemic a Co., Div. of Leeco 
Gas & Oil Ce 


Inspection, Sewers 

Centriline Corp 

Industrial Pipe Repair Corp 
National Water Main Cleaning Cx 


Instruments, Recording and 
Control (also see Controls and 
Recorders) 

Bailey Meter Co 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., Penn Instru 
ments Div 

Fischer & Porter Co. 

Foxboro Co 

General Electric Co 

Infileo Inc 

Minneapolis-Honeywell Regulator Co 
Brown Instrume 

Rockwell Mig. C 

Wallace & Tiernan In 

Westinghouse Electric Corp 


Jointing Materials 


American Concrete Pressure’ Pipe 
Assn 
Gray Concrete Pipe Co., Inc 


Keasbey & Mattison Co 

National Clay Pipe Mirs., Inc 
Perry-Austen Mfg. Co 

Stebbins Engr. & Mig. ¢ 
Wedge-Lock Clay Pipe Mfrs., Inc 


Joints, Mechanical 
American Cast Iron Pipe ¢ 
Johns-Manville Sales Corp 
Smith- Blair, Inc 

S. Pipe & Foundr 
Wedge- Clay Pipe ‘Mirs.. Inc 


Laboratory 
Supplies 

Filtration Equipment Corp 

General Chemical Div., Allied Chem- 
ical Corp 

Stuart Corp. 


Equipment and 


Lift Stations 
Smith & Loveless, Inc. 
Tex-Vit Supply Co. 


Lighting Fixtures 
Westinghouse Electric Corp. 


Lubricants 
Homestead Valve Mig. Co 
Johns-Manville Sales Corp. 


| 


| 


| 
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Lumber 
Vulcan Materials Co, 


Manhole and Inlet Castings 
merican-Marietta Co. 

Vapor Recovery Systems Co. 

lean Materials Co. 


Masonry Building Materials 
American-Marietta Co. 

Portland Cement Assn. 

Price Bros. Co 

Vulcan Materials Co. 


Meter Boxes 
Johns-Manville Sales Corp. 


Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Bailey Meter Co 

Builders-Providence Div., B-I-F In 
dustries 

Surgess-Manning Co., Instru- 
ments Div 

Ralph B. Carter Co. 

Filtration Equipment Corp. 


Foxboro 
Infilco Inc 
Minneapolis-Honeywell Regulator Co., 


Brown Instruments Div. 
Rockwell Mfg. Co 
Roots-Connersville Blower, Div. o 
Dresser Industries Inc 
Simplex Valve and Meter Co. 
Worthington Corp 


Mixing Devices 

Alpha Ltd. (Switzerland) 
American Well Wor 
Ralph B. Carter Co. 


Chain Belt Cc 
Dorr-Oliver Inc. 
Eimco Corp. 
Infilc Inc 


Jeffrey Mig. Co 
Walker Process Equipment Inc 


Wemco Div., Western Machinery Co. 
Motors 
Chicago Pump Co. 


Fairbanks, Morse & Co. 


General Electric Co. 
ink-Belt 

Westinghouse Electric Corp. 
Worthington Corp. 


Odor Control Materials 
Airkem Inc 

Cloroben Chemical Corp 
Florasynth Laboratories, Inc. 
Tennessee Corp 

Wallace & Tiernan Inc. 


Odor Counteractants 
Airkem Inc. 


Package Treatment 
Chain Belt Co 


Chicago Pump Co, 
Dorr Oliver Inc 
Infilco Inc 


Municipal Service Co. 
Smith & Loveless, Inc. 
Yeomans Brothers Co. 


Packing 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 


Paints and Protective Coatings 
Am ercoat Corp 

Ir 1 Co., Inc 

Ko ppers Co., Inc 

Perry-Austen Mfg. Co 

Pittsburgh Coke & en Co 
Smith & Loveless, 

Stebbins Engr. & Mi : Co. 


Pipe, Asbestos Cement 
Industrial Materials Co 


Johns-Manville Sales Corp. 
Keasbey & Mattison Co, 


Pipe, Cast Iron 

American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn. 
Industrial Materials Ce 

U. S. Pipe & Foundry Co. 

R. D. Wood Co. 


Pipe, Clay 

Industrial Materials Co. 

National Clay Pipe Mfrs., Inc. 
Wedge Li wk Clay Pipe Mirs., Inc. 


Pipe Cleaning 
entriline ( orp. 
loroben Chemical Corp. 
Fl exible Inc 
Homestead Valve Mfg. Co. 
National Water Main Cleaning Co. 
H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp 

American Pipe & Construction Co 
Centriline Corp 

Koppers Co., Inc 

National Water Main Cleaning Co. 
Perry-Austen Mig. 

Stebbins Engr. & Mfg. Co 

Vulcan Materials Co 


Pipe, Concrete 

American Concrete Pressure Pipe 
American-Marietta Co 

American Pipe & Construction Co. 
Gray Concrete Pipe Co., Inc. 

Lock Joint Pipe Co 

Portland Cement Assn. 

Price Bros. Co 

Vulcan Materials Co. 


Pipe, Fiber 
Brown Co 


Pipe Fittings 

American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn 
Keasbey & Mattison Co 


Price Bros. Ce 

Smith-Blair, Inc 

U. S. Pipe & Foundry Co 
R. D. Wood Co 


Pipe Jointing Materials (see 
Jointing Materials) 


Pipe, Plastic 
Amercoat Corp. 


Pipe, Repairs 
Centriline Corp 
Industrial Pipe Repair Corp. 


Smith-Blair, Inc. 


Pipe, Steel 
American Pipe & Construction Co 
Armco Drainage & Metal Products, 


Inc 
Keasbey & Mattison Co 


Plastic Pipe Products 
Amercoat Corp 
Keasbey & Mattison Co 


Pump Controls 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., Penn Instru- 
ments Div 


Chicago Pump Co. 
Fischer & Porter Co. 
xboro Co 
General Electric Co 
Minneapolis-Honeywell Regulator Co., 


Brown Instruments Div 
Rockwell Mfg. Co 

mith & Loveless, Inc 
Tex-Vit Sut pply Co 
Westinghouse Electric Corp. 
Worthington Corp 
Zimmer & Francescon 


| 
A 
| 
‘ 
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KENTUCKY-TENNESSEE 
INDUSTRIAL WASTES AND 
SEWAGE ASSOCIATION 


The 13th Annual Meeting of the 
Kentucky-Tennessee Industrial Wastes 
and Sewage Works Association was 
held at the Lafayette Hotel, Lexington, 
Ky., Sept. 14-16, 1959. Registration 
totaled 316, including ladies. The 
meeting was held jointly with the Ken- 
tucky-Tennessee Section of the Ameri- 
can Water Works Association. 

Among the topies discussed were: 


‘Organization, Aims and Progress 
of Kentucky Water Resources Commis- 
sion,’’ by S. Russell Marshall, City 
Manager, Frankfort, Ky. 

**Cost of Relocation of Utilities,’’ by 
Edwin C. Hoskins, Knoxville Utilities 
Board, Knoxville, Tenn. 

‘*Radioactivity in Streams,’’ by 
Harry P. Cramer, U. 8. Public Health 
Service, Cincinnati, Ohio. 

‘Oil Pollution Problems in Green 
County, Kentucky,’’ by Walter C. Mar- 
tin and H. D. Tomlinson, Kentucky 
Water Pollution Control Commission, 
Louisville, Ky. 

‘*Operational Problems of New Sew- 
age Treatment Plants in Tennessee and 
Kentucky’’—Panel Discussion. 

‘‘Sludge Thickeners,’’ by W. E. 
Budd, Dorr-Oliver Ine., Stamford, 
Conn. 

‘‘New Developments in Mechanical 
Aeration and Activated Sludge Treat- 
ment,’’ by A. A. Kalinske, Infileo, Inc., 
Tueson, Ariz. 

‘*Total Aeration for Domestie and 
Industrial Wastes,’’ by Edward C. 
Rubin, Chicago Pump Co., Chieago, 
Ill.; Robert K. Barefoot, Dravo Corp., 
Cleveland, Ohio; and R. C. Cloppen, 
Yeomans Brothers Company, Melrose 
Park, Ill. 


A field trip to the industrial wastes 
treatment facilities of the IBM plant 
at Lexington was a special event of 
the last day. 

At the banquet, FSTIWA Executive 
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Secretary Ralph E. Fuhrman pre- 
sented the Hatfield Award for out- 
standing treatment plant operation and 
reporting to W. T. Blackman, Sr., 
Superintendent, Murfreesboro, Tenn. 
The Bedell Award for extraordinary 
service to the Association went to 8. 
Leary Jones, Director, Stream Pollu- 
tion Control Board, Nashville, Tenn. 
The following officers were elected: 
Chairman: A. lL. Strub, Union City, 
Tenn. 
Vice-Chairman: C. M. Fair, Louisville, 
Ky. 
Secretary-Treasurer: 
Nashville, Tenn. 
S. Leary Jones 
Secretary-Treasurer 


Leary Jones, 


SOUTH DAKOTA WATER AND 
SEWAGE WORKS 
CONFERENCE 


The 25th Annual Meeting of the 
South Dakota Water and Sewage 
(Continued on page 85a) 


— Manufacturers Since 1885—— 


Gruendler’s Success 
in Brooklyn, New York 


View of TWO Gruendler Sewage Shredders installed in 
connection with Bar Screens in the Coney Island Sewage 
Treatment Plant of Brooklyn, New York. 


The Gruendler Multiple Unit Shredder installations 
here have solved a very difficult problem of sewage dis- 
posal. Sticks, rags and other debris are thoroughly re- 
duced to a fine consistency for an even and continuous 
flow through their system. Two of the four Shredder 
Units installed in Brooklyn have been in operation for 
ten years. Hundreds of Gruendler Shredder installa- 
tions in cities all over the Nation testify to their quality, 
precision features and efficient operation. 


Write to Dept., WPCF-2-60 for illustrated catalog. 


GRUENDLER CRUSHER 
and PULVERIZER CO. 
2915 N. Market St., St. Louis 6, Mo. 


. 
|_| 


Pumps, Airlift 
Walker Process Equipment Inc 


Pumps, Chemical Feed 

Proportioneers Div., B-I-F Industrie 

Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 


Pumps, Grit 
Nagle Pumps, Inc. 


Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Infilco Inc 

Marlow Pumps, Div. of 
sett Co 

Smith & Loveless, Inx 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co. 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Bel] & Gos- 


Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co. 

Hardinge Co., Inc 

Infileo Inc 

Komline-Sanderson Engr. Corp 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Nagle Pumps, Inc 

Wallace & Tiernan In ‘ 

Wemco Div., Western Machinery Co 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Pumps, Vacuum 
Roots-Connersville Blower, Div. of 
Dresser Industries Inc 


Pumps, Water 
American Well Works 
Ralph B. Carter Co 
Chain Belt Co 
Chicago Pump Co. 
Eimco Corp 
Fairbanks, Morse & Co 
Gorman-Rupp Co 
Marlow Pumps, Div { Bell & Gos- 
sett Co 
Wallace & Tiernan Inc 
Worthington Corp 
Yeomans Brothers Co 
Zimmer & Francescon 


Radiation 
ment 
Westinghouse Electric 


Monitoring Equip- 


Corp 


Radios, Mobile 
General Electric Co 


Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Fischer & Porter Co. 

Foxboro Co 

General Electric Co 

Minneapolis-Honeywel!l Regulator Co., 
Brown Instruments Div 


Wallace & Tiernan Inc 


B-I-F In- 


Penn Instru- 


Refractory Building Materials 
Carborundum Co. 
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John 


Stebbin 


Manville Sales Corp 
Engr. & Mig. Co. 


Safety Equipment 
Vapor Recovery Systems Co. 


Sampling Equipment 
Chicago Pump Co 

Infileo Inc 

Lakeside Engineering Corp 


Sand, Gravel, and Stone 
Graver Water Conditioning Co. 
Vulcan Materials Co 


Screening Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 
Chain Belt Co. 

Chicago Pump Co. 
Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Jeffrey Mig. Co. 
Link-Belt Co 

Walker Process Equipment Inc 
Zimmer & Francescon 


Sedimentation Equipment 
see Clarifier Equipment) 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co. 

Chain Belt Co 

Dorr-Oliver Inc. 

Eimco Corp 

Graver Water Conditioning Co. 

Hardinge Co., Inc 

Infilco Inc 

Jeffrey Mfg. Co 

Komline-Sanderson Engr. Corp. 

Lakeside Engineering Corp. 

Link-Belt Co 

Walker Process Equipment Inc. 

Webster Mfg., Inc 

Yeomans Brothers Co. 


Sewer Cleaning Equipment 
Flexible Inc 

Homestead Valve Mfg. Co 
National Water Main Cleaning Co. 
W. H. Stewart, Inc 


Sewer Inspection (see Inspection, 
sewers) 


Shredders (also 
and Grinders) 

Alpha Ltd. (Switzerland) 

Chain Belt Co 

Dorr-Oliver Inc 

Gruendler Crusher & Pulverizer Co. 

Jeffrey Mig. Co 

Yeomans Brothers Co. 


see Comminutors 


Siphons 

Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Eimco Corp 

Infileo Inc 

Lakeside Engineering Corp. 
Pacific Flush Tank Co. 
Yeomans Brothers Co. 


Sludge Concentrators 
Eimco Corp 
Nichols Engr. & Research Corp. 


Sludge Flotation Equipment (see 
Flotation Equipment) 


Sludge Handling and Control 
Chain Belt Co 
Dorr-O] 


‘ichols Engr. & Research Corp 
Walker Process Equipment Inc. 


Sludge Removal Equipment 
Jeffrey Mig. Co. 


Link-Belt Co. 
Webster Mig., Inc. 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co. 
Jeffrey Mig. Co. 


Sprockets 

Chain Belt Co. 
Link-Belt Co. 
Webster Mfg., Inc. 


Steel Pipe Products 
Armco Drainage & Metal 
nc. 


Products, 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgear 

Alpha Ltd. (Switzerland) 
General Electric Co. 
Westinghouse Electric Corp. 
Worthington Corp 


Tanks 

Chain Belt Co. 

Link-Belt Co 

Pittsburgh-Des Moines Steel Co. 
Preload Co., Inc 

Stebbins Engr. & Mfg. Co 


Television, Closed Circuit 
Industrial Pipe Repair Corp. 


Tools 
Flexible Inc 


Transformers 

Alpha Ltd. (Switzerland) 

General Electric Co 

Westinghouse Electric Corp. 

Trickling Filter Equipment (see 
Filter Equipment, Filter) 


Trucks and Tractors 
Eimco Corp 


Turbines 
Worthington Corp. 


Vacuum Filters (also see Filters, 
Vacuum) 

Bird Machine Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Komline-Sanderson Engr. Corp. 

Proportioneers Div., B-I-F Industries 


Valves and Gates 

Armco Drainage & Metal 
Inc 

Builders-Providence Div., B-I-F In- 
dustries 

Chapman Valve Mfg. Co. 

DeZurik Corp 

Filtration Equipment Corp 

Homestead Valve Mfg. Co. 

Industrial Materials Co. 

Iowa Valve Co. 

Mueller Co 

Rockwell Mfg. Co. 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Simplex Valve and Meter Co 

4. P. Smith Mfg. Co 

Snow Gates & Valves, Inc. 

Westinghouse Electric Corp 

W-K-M Division, ACF 
Inc. 

R. D. Wood Co 

Yeomans Brothers Co 


Products, 


Industries, 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., 
dustries 

Fairbanks, Morse & Co 

Wallace & Tiernan Inc 


B-I-F In- 
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Works Conference opened at Huron, 
S. Dak., on Sept. 2, 1959, with a 
smoker at the Marvin-Hughitt Hotel. 
Registration for the meeting totaled 
166. 

The technical program started with 
a talk on the history of the Confer- 
ence by W. W. Towne, U. 8. Publie 
Health Service. This was followed by 
a discussion of ‘‘ Federation of Sewage 
and Industrial Wastes Associations— 
Past, Present, and Future,’’ by Ken- 
neth W. Watson, Past-President of 
the Federation. 

During the afternoon ‘‘ Radioactive 
Wastes—A New Problem’’ was dis- 
cussed by Everett R. Mathews, Chief, 
Health Protection Branch, U. S. 
Atomic Energy Commission. 

The Annual Banquet was held in 
the Marvin-Hughitt Hotel with Mayor 
R. B. Matson of Huron as toastmaster. 
The Izaak Walton League Award was 
presented to Frank Thomas, Sewage 
Treatment Plant Operator of Custer. 
Flox Company Awards were presented 
to Erwin Wollman of Freeman, and to 
James Cox of Sioux Falls. 

A panel discussion on ‘‘Develop- 
ments in Water and Sewage Works 
Equipment and Material’’ was the 
main feature of Friday morning. 
Those who participated in the discus- 
sion were: Charles E. Carl, South Da- 
kota Department of Health; Willard 
J. Bell, Wallace & Tiernan, Ine.; Mel 
Bischoff, Flox Company; Fred Voe- 
disch, Layne-Minnesota Company; 
M. O. Thomas, Lyons Chemical, Ine. ; 
and William V. Campbell, Campbells, 
Ine. 

The remainder of the morning was 
devoted to the annual business meet- 
ing. 

Officers for the fortheoming year 
were presented at the annual busi- 
ness luncheon. They were: 

President: Byron Fees, Chamberlain. 
Vice-President: W. Dale Mailloux, 

Rapid City. 

Secretary-Treasurer: Don C. Kalda, 

Pierre. 

Don C. KALDA 
Secretary 


A ‘new heart’ 


for Debby 


“Mommie, I bet when God 
made Debby He didn’t have 
a good heart around. So He 
said to her, “Take this one. 
When you're five I'll tell a 


doctor to fix it like new’. 


These words by 6-year-old 
Bobby Quinn on learning his 
little sister would need a heart 
operation, were prophetic. 


Using new knowledge speeded 
by your Heart Fund gifts, 
surgeons did “fix’’ Debby’s 
heart. She’s now a_ happy, 
healthy child, with a_ heart 
that’s good as new. 


HEART FUND 
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New Journal Index Ready! 


SEWAGE AND INDUSTRIAL WASTES 


INDEX 


Volumes 21-30, 1949-1958 


The Ten-Year Index to SEWAGE AND INDUSTRIAL 


WASTES covering the period of 1949-1958 is now avail- 
able. The 168-page volume is offered in a handsome 
maroon buckram binding at $4.00 and in an attractive 


heavy paper cover at $3.00. 


The new Ten-Year Index is a companion to the pre- 


vious Twenty-Year Index to the first 20 volumes of 
SEWAGE WORKS JOURNAL for 1928-1948, copies of 
which are still available from the Federation office. 


Separate listings by author, subject, and geographical 


categories, along with full cross-referencing make this a 


complete and easy-to-use reference volume. 


Send orders to the Federation office. 


When remittance accom- 


panies order, postage is prepaid. 


If an invoice is necessary, postage 
will be added. Checks may be made payable to WPCF. 


WATER POLLUTION CONTROL FEDERATION 


4435 Wisconsin Avenue 


Washington 16, D.C. 


|. 
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DIRECTORY OF ENGINEERS 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civie Opera Building Chicago 


ANDERS@N-NICHOLS 
Company 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Colleetion and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers — Airport Design —Sewage Disposal 
Systems——Water Works Design and Operation——Surveys 
and Maps—City Planning —Highway Design —Construc- 
tion Surveys —Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Mlinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


Amberst View, Collins Bay, Kingston, 
Ontario, Ca a 


HOWARD K. BELL 


Consulting Engineers 
G. 8. Bett C. G. Garrner J. K. Laraam 
. W. Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage — Gas — Water — Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 


CLINTON L. BoGERT Ivan L. BoGertT 
DONALD M. DITMARS ROBERT A. LINCOLN 
CHARLES A. MANGANABO WILLIAM MARTIN 
Water & Sewage Works 
Drainage 

Highways and Bridges 


Incinerators 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
1000 Farmington Ave. 
West Hartford 7, Conn. 


75 West St. 
New York 6, N.Y. 


BOYLE ENGINEERING 


Consulting Engineers 
Water — Sewers — Streets 
Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET 


SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 


Laboratory Services 


508 TENTH STREET 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W.H. Kuhn 
Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 
saboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. Y¥. 


Your firm should be 
listed here 


. .. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 


treatment. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 


DES MOINES, 1OWA 
‘ 
3 


JOURNAL WPCF 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
mn 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


DIRECTORY OF 
ENGINEERS 


BURNS & McDONNELL 
Engineers - Architects - Consultants 
4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 


Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates—-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


3600 E. Jefferson Bivd. 2112 W. Jefferson St. 
South Bend, Indiana _ Joliet, Illinois 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, II, 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


CONSULTING BIOLOGISTS 
Thomas Dolan Charlies B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Ctetl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


Sanitary and 

Hydraulic 

ROY B. EVERSON 

Sewage and industrial wastes treatment, city 

water purification, and complete swimming pool 
systems—Filtration Experience since 1900 

Valuations—Reporis— Research— Development 
207 W. Huron St., Chicago 10, Ill. 
SUpertor 7-3339 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FAY, SPOFFORD & THORNDIKE, INC. 


ENGINEERS 
Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 


Airports—Bridges—Express Highways—Port and 
Terminal Works—Industria! Buildings 


11 Beacon Street 


Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


Carueton 8. Finxsetner FE. Perris 
Harovp K. Strout 


Consulting Engineers 
Water Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
READING, PA. Washington 


New York 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Mlinois 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


Take advantage of the services of these outstanding consultants! 
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HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


DIRECTORY OF 
ENGINEERS 


Your firm should be 
listed here 


. .. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 
A. A. Burger H. H. Moseley 
J. W. Avery F. S. Palocsay 
E. S. Ordway G. H. Abplanalp 
A. M. Mock S. H. Sutton 
Frank C. Tolles, Consultant 
Consulting Engineers 
Water, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bldg. 
Cleveland 14, 0. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen Avrrep W. Sawyer 
H. E. Hupson, Jn. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, cee 
Treatment, Reports, Flood Control, Apprai 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Bross V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 


SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
m the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 


Conaulting Engineer 

Sanitary and Public Health Engineering 

Planning— Design—Research—Water 

Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 
Offices: 

East Coast West Coast 

20 Point Crescent 90 Panoramic Wa 

Whitestone 57, N.Y. Walnut Creek, Calif. 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 


Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design 


1392 King Ave. 


Construction 


Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 
2000 West Central Ave. 


Toledo 6, Ohio 


ONLY $66 PER YEAR 


is the cost of a 
in this space. 


professional 
A card here will iden- 
tify your firm with 


listing 


the specialized 


sewage and industrial wastes field and 


will afford maximum 


prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
Toledo 1, Ohio 


1080 Atlantic Ave. 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 
Los Angeles Salt Lake City Tacoma 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. 


Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, 


Supervision 


Of Construction and Operation 
Chemical & Biological Laboratory 


1100 South Broad St. 


Trenton, N. J. 


Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
Rochester, 4, N. Y. 


10 Gibbs Street 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply 


Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 
400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural — Power ~ Transportation 
165 Broadway New York 6, N.Y. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, III 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Maicolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Cari A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 
Lovuts C. McCase, Pres. 


1246 Taylor St, N.W. Washington 11, D. C. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippre V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorado 


ROBERT AND 
ASSOCKAT 
amcnirects ane 


ATLANTA 


It pays to secure competent and experienced engineering advice! 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., Municipal Airport 
St. Louls 2, Mo. 


Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 


Engineers-Architects 


Investigations 


- Design - Supervision of 


Construction - Appraisals 


Water - Sewage - St 


reets - Expressways Highways 


Bridges - Foundations - Airports - Flood Control 
Drainage Aerial Surveys -Site Planning - Urban 


Subdivisions - Inc 


2910 Topeka Blvd. 


dustrial Facilities -Electrical 
Mechanical 


Topeka, Kansas 


SMITH and GILLESPIE 


Consulting Engineers 


All types of 
Municipal Public Works & 
Jtilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 


ENGINEERING COMPANY 


Consulting Engineers 


Muscatine. lows 


208 S. LaSalle Street 
Chicago 4, Illinois 


1154 Hanna Building 
Cleveland 


15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Bridges—Highways-—Industrial Buildings 
Studies—Surveys—Reports 


245 N. High St. Columbus 15, Ohio 


TIGH 


CONSULT 


Bowers 


E & BOND 
ING ENGINEERS 


and Pequot Streets 


Holyoke, Massachusetts 
Tel. JEfferson 3-3991 


Civil, Sanitary 
Investigations, Rey 


Supervision of C 


and Electrical Engineering 
vorts, Plans and Specifications 
onstruction and Operation 


J. STEPHEN 
J. S. WATKINS . R. Watkins 
CONSULTING 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

261 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


ROY F. 


WESTON, INC. 


Engineers— Biolog 


Industrial Wastes 


Stream Po 


Surveys—Resear 


liution—Air Pollution 
‘ater—Sewage 


ch—Development— Process 


Engineering —- Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square 


Pennsylvania 


WESTON & SAMPSON 


Consulting 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage 


Disposal, Municipal and In- 


dustrial Development Problems, Water Supply, 


Water Purification, 
Investigations, Re 


Water Front Improvements. 
ports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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INDEX TO ADVERTISERS 
(See pages 78a, 80a, 82a, and 84a for full listing of products.) 


Armco Drainage and Metal Products, Incorporated 
B-I-F Industries, Incorporated 

Cast Iron Pipe Research Association 

Chain Belt Company 

Chicago Pump Company 

Dorr-Oliver Incorporated 

Eimco Corporation 

Filtration Equipment Corporation 

Flexible Incorporated 

Gorman-Rupp Company 

Gruendler Crusher and Pulverizer Company .. 
Homestead Valve Manufacturing Company 

Inertol Company, Incorporated 

Iowa Valve Company (Subsidiary of James B. Clow and Sons) 
Johns-Manville Sales Corporation 

Keasbey and Mattison Company 

Lock Joint Pipe Company 

Pacific Flush Tank Company .... 

Pfaudler Permutit Incorporated 

Simplex Valve and Meter Company (Subsidiary of Pfaudler Permutit Incorporated) 
Tennessee Corporation 

Tex-Vit Supply Company 

United States Pipe and Foundry Company . 
Vapor Recovery Systems Company .......... 
Walker Process Equipment, Incorporated 

Wallace and Tiernan Incorporated 

Western Machinery Company 
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Albright and Friel, Inc. Henningson, Durham & Richardson, Inc. 
Alvord, Burdick & Howson Horner & Shifrin 
=r & Company Hudson-Rumsey Co., Inc. 

affa, John J. Ingram, William T. 
Baker, Michael, Jr., Inc. Jennings-Lawrence Co. 
Baxter and Woodman Jones, Henry & Williams 
Beak, Thomas W. Kaighin and Hughes 
Bell, Howard K. Keis & Holroyd 

Betz Laboratories, Inc. Kennedy Engineers 
Black & Veatch Knowles, Morris, Inc. 

Bogert, Clinton, Engineers Koebig & Koebig 
Bowe, Albertson & Associates Lanning Sanitary Engineering Co., Inc. 
Boyle Engineering Lozier Consultants, Inc. 
_— & Caldwell Cc Mebus, George B., Inc. 

rown Engineering Co, Metcalf & Eddy 

Browne, Floyd G., and Associates Nussbaumer, Clarke & Velzy, Inc 
Buck, Seifert & Jost O'Brien & Gere 

SS Ni 4 > H 

Camp, Dresser and McKee Pin ie M E ssoctates 

Capitol Engineering Corp. Purcell “Lee T. 

Consoer, Townsend & Associates Riddick, Thomas M. 
Consulting Biologists: Dolan and Wurtz Ripple and Howe, Inc. . 
Damon & Foster Robert and Company Associates 
Electro Rust-Proofing Corp. 4 
Everson, Roy B. Servis, Van Doren azar 
Fay, Spofford & Thorndike, Inc. Smith and Gillespie _ 
Finkbeiner, Pettis & Strout Stanley Engineering Company 
Fromherz Engineers Stilson, Alden E., & Associates 
Gannett Fleming Corddry & Carpenter, Inc. Tighe & Bond 

Gilbert Associates, Inc. Watkins, J. Stephen 

Greeley & Hansen Weston, Roy F., Inc. 

Haskins, Riddle & Sharp Weston & Sampson 

Havens and Emerson Whitman & Howard 

Hazen and Sawyer Whitman, Requardt & Associates 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of this journal. When writing advertisers be sure to mention JOURNAL 


of the WATER POLLUTION CONTROL FEDERATION. 
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the TING-MIXING | /ALKER PROCESS 
DIGESTER CIRCULA G ASLI FTER 


INCREASED CAPACITY—GASLIFTER circulated digesters easily handle 


loadings of 6 Ibs. of solids/cu. ft./mo. ot 
to illustrate r on and mixing 
BETTER DIGESTION—15 to 20° more gas (methane) per Ib. of volatile solids, action achieved GASLIFTER. Pub- 


a ttests h 
together with low and uniform volatile acids—all accomplished in single stage —" 


digestion at high loading rates. 
ELIMINATES SCUM BLANKETS AND GRIT SHOALS—Rapid circulation 


along roof, walls and bottom disperses grease blanket and prevents loss of 
capacity due to grit shoaling. 


ADAPTABLE TO STANDARD OR HIGH RATE DIGESTION—The GAS- 


LIFTER may be applied to either standard or high rate digesters with equally Engineers will be interested in 
efficient results. Bulletin 25-S-91 for details on 
ACCESSIBLE—SPECIALLY DESIGNED LOCKING CHAMBER permits indivi- 


$-11336 for complete report on 


dual inspection and service of stainless GASLIFTER sparging units without 
dangerous gas loss or digester shutdown. 

NO MECHANICAL SHUTDOWNS—GASLIFTER utilizes gas-lift principle 
and completely avoids mechanical troubles from rag and sewage "string" foul- 
ing. Sparjers used to diffuse gas in the eductor tube avoid all orifice troubles. 


GASLIFTER operating results ot 


co full scale plant installation 


Write for your copies 


GASLIFTER is a trademark of 


GASLIFTERS incorporate the patent rights of Joseph Cunetta Walker Process Equipment Inc 


LANCASTER PRESS, INC., LANCASTER, PA 


| 
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Het 
Supt., Aurora Sanitary District 
Walter Deuchler. Co.. Aurora 
Consulting Engineers 
: 
5 
WALKER PROCESS EQUIPMENT INC. 
: 
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OVER 50 YEARS 
EXPERIENCE 


Delivery of Roller Suspension Sewer Pipe 1960. 


LOCK JOINT 
RUBBER and CONCRETE JOINT 
A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
es The unique process used in the manufacture of this pipe 
LonerTuDINAL wei vire_| produces concrete walls of unusual density and abrasion 
REINFORCEMENT DIAMETER . . 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 


RUBBER GASKET—, CIRCUMFERENTIAL 
] [ REINFORCEMENT 


SEWER AND CULVERT PIPE PLANTS: tion, and flexibility. Produced in standard 8’ lengths, it 
Kenilworth, N. J. Beloit, Wis. Denver, Colo. j j ” ” 
Hartford, Conn. Chicago, III. Cheyenne, Wyo. ranges in diameter from 12” to 72”. 


New Haven, Conn. Rock Island, Ill. Casper, Wyo. 
mem Buffalo, N.Y. Valley Park, Mo. Tucumcari, N. Mex. Lock Joint also produces machine made and cast pipe 


Rochester, N. Y. N. Kansas City, Kans. Hato Rey, Puerto Rico ranging in diameter from 6” to 120”, and even larger if 
Edgewater, Fia. Tulsa, Okla. Carolina, Puerto Rico ‘ 
Miami, Fla. Oklahoma City, Okla. Ponce, Puerta Rico required. All pipe may be designed to comply with 


W. Palm Beach, Fla. Wichita, Kans. Caracas, Venezuela AS.T.M., State Highway or individual specifications. 


LOCK JOIAT PIPE CO. 


East Orange, New Jersey 


Pressure « Water » Sewer > REINFORCED CONCRETE PIPE « Culvert » Subaqueous 


PX Vi 
~ 
; Delivery of Havana Sewer Pipe 1907. 
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Why? 
Because a V-notch Chlorinator needs no auxiliary water suppl, 


You can plan on clean, dry chlorinator rooms with no 
messy drain—no chlorine gassing back. And best of all... 
gone forever is the high cost of wasted auxiliary water. 


And, of course, the right plastics make the whole ( 


chlorinator chlorine-proof. 


Yet these are just added benefits to the main job: 
Simple, dependable, wide range chlorine control. The kind 
of control you get only with a W&T V-notch Chlorinator. 


A booklet, “The V-notch Story” 

will tell you about all the W&T V-notch 
Chlorinator features. For your copy 
write Dept. S-129.84. 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9S, NEW JERSEY 


tThere’s 
water 
-notch 
| 


: 


